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INTRODUCTION 


ALTHOUGH it has long been suspected that the ovary is responsible 
for some degree of androgenic activity, Lipschutz (1932) was ap- 
parently the first to present good evidence of such activity. A female 
guinea pig bearing a grafted ovary took on several characteristics of 
maleness, including a greatly overdeveloped clitoris. Lipschutz as- 
cribed this unusual development to the presence of the grafted ovary. 
However, this isolated case did not constitute proof of androgenic 
activity by the ovary. More recent experiments with mice (Hill and 
Gardner, 1936; Hill, 1937; Hill and Strong, 1938; 1940) greatly ex- 
tended the studies on the androgenic activity of ovaries, and have 
given final proof to the original idea of Lipschutz. The environmental 
temperature of the graft was shown to be at least one factor in the 
control of the androgenic activity of ovaries, but the specific androgen 
produced has never been discovered. Deanesly (1938) found that some 
androgenic activity occurred when ovaries were grafted to the ears of 
rats. However, Deanesly believed that thecal luteinization rather than 
temperature was the critical factor. Although the bulk of experimental 
work has been done with mice, sufficient evidence has been obtained 
from other animals to indicate that the reaction is not species specific. 

In our experiments with mice it has been noted that the histo- 
logical appearance of grafted and androgenically active ovaries is not 
normal. Cords of cells are often noted which suggest a rete arrange- 
ment, but these particular cords of cells can be traced and are found 
to be infoldings from the germinal epithelium. Also it has been noted 
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that a majority of grafted ovaries contain clusters of “lutein like’ 
cells, though these clusters are not normal lutein cells, nor are they 
a part of normal corpora lutea. Furthermore the majority of grafted 
ovaries have cells present which cannot be classified as one of the cell 
types normally found in mouse ovaries. In fact these unusual cells 
appear more like some that are frequently found in the medulla and 
cortex of the adrenal than in any other tissue of the mouse. Ordinary 
staining methods do not differentiate these adrenal-like cells. It is not 
thought that these unusual cells are embryonic rests of cortical cells 
because they are not found in normal mouse ovaries. It was the strik- 
ing similarity of these two different groups of cells, coupled with the 
extremely close proximity of origin of the gonad and adrenal cortex 
in the embryo, that gave rise to the experiments reported here and 
in an earlier preliminary paper (Hill, 1944). In the preliminary note 
the number of animals used was small. The present data are substan- 
tial in numbers; they corroborate our earlier findings, and further 
extend the problem. 
EXPERIMENTAL 


A total of 279 animals were used in the experiments reported in 
this paper. They comprised 105 control animals and 174 experimental 
animals. The mice were of two strains: Swiss Albinos and the CHI 
strain obtained from the inbred colony of Dr. L. C. Strong. The Swiss 
Albino mice were used for the purpose of testing whether the reactions 
obtained were strain specific. In these experiments ovaries were 
grafted into the ears of male mice or into one testis of male mice, or 
were autografted into the ears of female mice. Subsequent to grafting 
the ovaries an interval of two or more weeks was allowed before the 
removal of adrenal tissue. All adrenalectomies were done in a two 
stage operation, the right adrenal being removed first in each instance. 
The left adrenal was removed from one to two weeks following abla- 
tion of the right gland. Experimental and control animals were of the 
same general age, each animal being between 100 and 200 days old 
at the time of adrenal removal. The ovary graftings were done when 
all animals were between 75 and 100 days of age. 

Control animals: The control group was comprised of 105 animals, 
38 of which were CHI females, 37 were CHI males, 11 were Swiss 
Albino females, and 19 Swiss Albino spayed females. All control ani- 
mals, completely adrenalectomized, died within 29 days following re- 
moval of the second adrenal. The peak of mortality came on the 7th, 
8th, and 9th days post adrenalectomy (Fig. 1). The average survival 
time of the CHI females was 11.5 days and of the CHI males was 11.4 
days—essentially identical intervals. The post adrenalectomy sur- 
vival period of the albino females was 12.0 days, an interval not sig- 
nificantly greater than that survived by animals of the CHI strain. 
The post adrenalectomy survival of the 19 spayed albino females 
was 6.7 days, a period quite definitely shorter than for any of the 
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other groups of control animals. Thus it is evident that there is 
no sex difference in survival periods of males and females of the 
CHI strain. Likewise there is no significant difference in survival 
periods of the two strains used in these experiments when the gonads 
are intact. The apparent shorter survival interval of the spayed albino 
females may be attributable to the absence of the gonads. However, 
the number of animals in this group was so small and the variation of 
survival was so great that we are not inclined to place any significance 
in the shorter survival period. 

The weights of the normal control animals drop precipitously sub- 
sequent to adrenalectomy, followed by death of the animal. The 
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weight decline of a typical control animal is of the same nature as 
that of experimental animal MSV 389 (Fig. 2). The loss of weight, 
and the downward incline of the weight curve is directly related to 
the survival period of the animal following adrenal removal. Sodium 
chloride added to the drinking water in concentrations of 0.5% and 
1.0% did not affect the survival period. Two albino spayed females 
were killed about 45 days after removing the second adrenal gland, 
and found to be incompletely adrenalectomized. They are not in- 
cluded in our data on survival. Therefore 105 of 107 control animals 
proved to be completely adrenalectomized. We are here assuming 
that any mouse which survived less than 29 days after removal of the 
second adrenal gland has been completely adrenalectomized, and our 
data substantiates that assumption. Thus the completeness of adre- 
nalectomies in these control experiments stands at slightly more than 
98%. 

Experimental animals: Group 1. The group of females bearing 
autografts of ovaries in their ears was made up of 89 CHI and 19 
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Swiss Albino animals. These animals may be divided into smaller 
groups according to survival periods following adrenalectomy. Fifty- 
four animals died during the first 29 days following adrenal removal, 
thereby not living beyond the maximum survival interval of the con- 
trol animals. Thirty-five animals survived adrenalectomy beyond the 
29 day control interval, but died at a somewhat later period without 
having undergone any further experimentation. Those animals which 
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died after extended survival lived an average of 121 days post adrenal- 
ectomy, the longest interval being 284 days. Two of the remaining 
animals were killed accidentally. Sixteen animals had grafts removed 
and survived an average of 38 days following graft removal. One ani- 
mal (MSV) 508 which did not have its grafts of ovaries removed lived 
for 435 days following adrenalectomy. At death a large mammary 
tumor was present, and no adrenal cortical tissue could be found. 
Group II. A total of 38 animals made up this group. All were CHI 
males which had two ovaries grafted into one (right) testis. Sixteen 
individuals, following removal of the suprarenal glands, died within 
the control survival period of 29 days. The six animals which died 
following extended survival lived an average of 94 days, the greatest 
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period for an individual being 199 days. Eleven animals had their 
grafts of ovaries removed by excision of the right testis, and survived 
an average of 44 days. Three animals were still alive and in good 
health at 180 days following removal of grafted ovaries, and were then 
killed for post mortem study. All three of these animals were found 
to have relatively large amounts of cortical tissue remaining. The 
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remnants of cortical tissue were obviously responsible for the greatly 
extended survival in these three instances. 

One animal, MSV 549, had its grafted tissue removed 330 days 
after adrenalectomy, and died on the 15th day following graft removal. 
Adrenal removal was complete. This animal was approximately 465 
days old at death. 

Of the four remaining animals, one was killed accidentally, and 
three, MSV. 529, 545, 547, died with intact grafts of ovaries, at 262 
days, 210 days, and 291 days, respectively, after removal of the second 
adrenal gland. In each of these three cases adrenal removal had been 
complete. 

Group III. This group, the smallest of the three, included 28 CHI 
strain animals, all being males bearing grafts of ovaries in their ears. 
Subsequent adrenal removal, 17 animals died within the control period 
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of 29 days and 3 animals survived an average period of 56 days. 
Eight animals had their grafts removed, four dying during an in- 
terval ranging from 36 to 109 days later. Each of these animals 
died at an inopportune time, and so were not examined for remaining 
cortical tissue. The four animals that did not die were killed at 180 
days post adrenalectomy, and cortical tissue was found to be present 
in each animal. 

During the greater portion of the time most of the animals on 
experiment were weighed once or twice weekly. Some animals were 
weighed daily during critical periods. The curves obtained by plotting 
the weights are indicative of the general condition of the animal. 
Several typical curves of weights are shown here, and seem worthy 
of further consideration. 
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Figure 2 shows weight changes of a spayed female (MSV 389) 
bearing autografts of ovaries in her ears. About 100 days after making 
the grafts, the adrenal glands were removed in a two-stage operation. 
The subsequent weight decline was very precipitous, followed by 
death 20 days after complete adrenalectomy. The curve obtained from 
this animal’s weight changes is essentially identical with that obtained 
from any control animal. In this case the grafted ovaries were of no 
protection against the loss of the animal’s own adrenal tissue. The 
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weight changes of animal MSV 399 (Fig. 3), likewise a spayed female 
bearing ear autografts of ovaries, is very similar to the preceding one, 
showing only a very slight and insignificant increase in survival time. 
Animals MSV 392 and 400 (Figs. 4 and 5) were both spayed females 
bearing grafts of their own ovaries in their ears. The weight changes 
of both animals are very similar. Both animals showed a steady and 
definite weight increase subsequent to adrenal removal until the time 
of removal of the grafted ovaries thirty-two days later. The interval 
of thirty-two days was used in these animals because during a slightly 
lesser period (29 days) all of the control animals had lost a great deal 
of weight and had died. Subsequent to removal of the grafted ovaries 
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both animals showed a definite downward trend in weight and died 
at intervals of 49 and 74 days later. Both of these animals, and their 
weight changes, indicate that the grafted ovaries provided a protec- 
tion of some kind against the loss of the host animal’s adrenal tissue. 
An obvious question arises as to the extended survival period follow- 
ing removal of the grafted ovaries. We believe it may be assumed that 
both of these animals carried some amount of accessory cortical tissue, 
and that the accessory cortical tissue was given time to undergo hy- 
pertrophy while death soon after adrenal removal was at least de- 
layed by the presence of the grafted ovaries. Our belief in the presence 
of accessory cortical tissue and its ability to prolong survival follow- 
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ing adrenalectomy, but its inability to prolong life indefinitely, is well 
born out by Grollman (1936). If these two animals did have accessory 
cortical tissue present which produced this effect, then it cannot be 
stated definitely as to the exact amount of protection given these ani- 
mals by the grafted ovaries. It can be said, however, that the presence 
of ovary grafts, coupled with any accessory cortical tissue that may 
have been present, was effective in extending survival time some 20 to 
45 days, respectively, beyond the maximum normal expectancy in the 
absence of grafted ovaries. 
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The curves representing the weights of two animals, MSV 430 
and 440 (Figs. 6 and 7), present some data obtained from two spayed 
females bearing autografts of ovaries in their ears. In each case the 
weights exhibit a definitely normal upward course, and both animals 
were alive and in apparent excellent health about 140 days subsequent 
to adrenalectomy, which was as far as the graphs of weights were 
plotted. MSV 430 continued to live in apparently good health, not 
losing weight until shortly before death at 238 days following adrenal- 
ectomy. Animal MSV 440 survived 249 days beyond adrenalectomy, 
and only underwent a slight weight loss before death. No adrenal 
tissue was found at death. We believe, therefore, that the extended 
survival of these two animals is to be attributed without question to 
the presence of grafted ovaries. 

The growth curves of a number of animals are highly significant. 
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The data on MSV 494 (Fig. 8) are presented here for consideration. 
This animal was a spayed female bearing her own ovaries in her ears 
as autografts. The individual weighed 16 grams at the time of removal 
of the second adrenal gland. The growth of the animal increased 
steadily like that of any normal female mouse. Two hundred and thir- 
teen days after removal of the adrenals both ovarian grafts were re- 
moved. From that time the individual lost weight very rapidly and 
the downward course terminated in death seven days after graft re- 
moval. The animal in this case, as in many others, exhibits the pres. 
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ence of apparently adequate and complete protection against the total 
loss of adrenal cortical tissue. The only factor that could in any way 
furnish that protection was the presence of the grafted ovaries. 

It will be noticed from preceding data that for some reason cas- 
trate females bearing autografts of ovaries apparently survive the loss 
of adrenal cortical tissue somewhat better than do males bearing 
grafts of ovaries in their ears or in a testis. Our data do not lead readily 
to an explanation of this fact. The difference, if significant, might 
prove to be one of a sex difference, heredity, the presence of male 
gonads in the males, or an endocrine complex that does not allow ova- 
ries, when grafted into males, the same facility of function as when 
grafted into females. It is also possible that the endocrine system of 
the mouse cannot as effectively support two sets of gonads in one 
individual. 

A histological study of the grafted ovaries offers no solution to the 
problem. A grafted ovary which has exhibited a life-sustaining adrenal 
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cortical function for a long period may not be histologically distin- 
guishable from a grafted ovary which did not prolong life at all in 
its adrenalectomized host animal. Figure 9 is a photomicrograph of a 
section of the grafted ovary taken from MSV 517, an animal which 
survived adrenalectomy 60 days, dying 3 days after graft removal. 
Figure 10 shows a section from the grafted ovary of MSV 397. This 
mouse survived 8 days after adrenalectomy. No distinctly different 
characters can be found in these two grafts. New stains and new stain- 
ing techniques are being tried in an effort to discover some possible 
correlation between structure and function. 
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Perhaps it is not surprising that no correlation has been forth- 
coming. In the extensive experiments which show androgenic activity 
of grafted ovaries no correlation has been found between the structure 
of the graft and its androgen output. The grafts of ovaries which pro- 
duce such a marked life sustaining adreno-cortical function are quite 
identical with those grafts which have replaced the androgenic func- 
tion of testes. It was found that all ovaries grafted to the ear, which 
had become well established, were capable of producing androgens 
(Hill, 1937). In our studies of the adrenal cortical life-sustaining func- 
tion of grafted ovaries the percentage of positive responses is markedly 
less than 100%. At present we can offer no explanation as to why the 
reaction is successful in maintaining the life of only a part of our ani- 
mals. In some of our earlier experiments some animals were kept at 
either 27°C. or 21°C. with no obvious effect on survival following 
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adrenalectomy. These data, with information from additional experi- 
ments, have proven that temperature is not a factor in causing grafted 
ovaries to exhibit an adrenal cortical function. 
It is not possible to obtain fresh tissue from every animal at death. 
An animal may look very lively in the late afternoon, but be dead 
and unusable for histological study by morning. Thus tissues were 
not collected from every animal. 
_ Control animals with apparent complete lack of remaining cortical 
tissue usually do not survive more than 10 to 14 days; those with 
very small clusters of cortical cells remaining will survive slightly 
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Fig. 9. Photomicrograph of grafted ovary removed from MSV 517. 100. 


longer, up to 20 or 30 days following adrenalectomy. When relatively 
large amounts of cortex are found the survival has been more extended 
ranging from around 40 days upward to more than 100 days. Two fe- 
male mice bearing autografts of ovaries in their ears, each survived 
graft removal 44 days, and each animal had moderate-sized remnants 
of cortical tissue at death. Our evidence leads us to believe that ex- 
tended survival time in control adrenalectomized mice bears a direct 
correlation with the mass of remaining cortical tissue. The cortical 
tissue found at post mortem has either been left behind during sur- 
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gery, or has formed from small embryonic rests of cortical cells follow- 
ing removal of the main suprarenal gland. 

The three of the more striking instances in this group of experi- 
ments are those of animals MSV 494, MSV 508, and MSV 549. Animal 
MSV 494 (Fig. 8) lived 213 days following complete adrenalectomy, 
and then died 7 days following removal of grafted ovaries. One mouse 
(MSV 508) lived 435 days subsequent to complete adrenalectomy, 
having intact grafted ovaries during the entire period. MSV 549 lived 


Fig. 10. Photomicrograph of grafted ovary removed from MSV 397. 100. 


after removal of the grafted ovaries. To,these three animals should be 
added the many others which survived beyond the survival period of 
control adrenalectomized mice, and ‘yet died soon after removal of 
grafted ovaries. In the three individual cases listed above there re- 
mains no doubt but that the extended survival beyond complete 
adrenalectomy was a response to the life-sustaining action of grafted 
ovaries. 

A total of 174 mice were used in the experiments recorded here 
(exclusive of control mice). Of this total number, one half (87) died 
within the first days 29 following adrenal removal, and therefore were 
not benefited significantly by the presence of grafted ovaries. Thirteen 
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of the remaining half were found to have adrenal cortical tissue rem- 
nants at post mortem, and can therefore be excluded from any final 
tabulation. Seventy-four mice lived longer than the 29 day maximum 
survival period of the controls. Not all of these 74 animals could be 
examined for the presence of adrenal cortical tissue, but the majority 
were found to be completely adrenalectomized. Thus about 45% of 
our experimental animals, living longer than the 29 day control inter- 
val, were materially benefited by the presence of grafted ovaries and 
their ability to produce a life-sustaining adreno-cortical function. 
Fifty-five percent of our animals received no significant help from the 
presence of grafted ovaries. Ninety-eight per cent of our control mice 
were so completely adrenalectomized as to cause their death within 
29 days following removal of the second adrenal gland. 


SUMMARY 


Data are presented which show that under the conditions of these 
experiments mouse ovaries (grafted) can maintain life, in a host 
mouse, in the complete absence of adrenal cortical tissue. Normal 
mice, both males and females, do not survive beyond four weeks in 
the complete absence of adrenal cortical tissue. Intact gonads and 
gonad removal in mice does not significantly alter survival time. Re- 
moval of the grafted ovaries from completely adrenalectomized mice 
results in death. No histological or chemical explanation is presented. 
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CHOLESTEROL STUDIES OF ADRENALS AND 

PLASMA IN PARTIALLY HEPATECTOMIZED 

AND PARTIALLY NEPHRECTOMIZED RATS 
AFTER INJECTION OF HN3? 


STEPHAN LUDEWIG ann ALFRED CHANUTIN 
From the Biochemical Laboratory, University of Virginia 
CHARLOTTESVILLE, VIRGINIA 


THE FACTORS involved in the regulation of cholesterol metabolism 
are poorly understood. In previous papers (Ludewig and Chanutin, 
1946), (Ludewig and Chanutin, 1947), (Chanutin and Ludewig, 1947) 
it was shown that intravenous injection of tris (8-chloroethyl) amine 
(HN3) into intact rats causes a marked and prolonged decrease in 
the ester cholesterol content of the adrenals and only slight changes 
in the plasma cholesterol concentration. It is known that the concen- 
tration and the distribution of plasma cholesterol is altered in cases 
of liver or kidney insufficiency in rats (Chanutin and Ludewig, 1936), 
(Ludewig and Chanutin, 1938). In the present investigation, the cho- 
lesterol metabolism was studied after imposing a specific injury by 
means of HN3 in animals with experimentally produced liver or kid- 
ney insufficiency. 

METHODS 


Inbred male albino rats, 60-70 days of age, of Wistar strain, were used 
as experimental animals. Partial hepatectomy was done according to the 
procedure of Higgins, G. M. and Anderson, R. M. (1931); 60-75 per cent 
of the total liver tissue was removed. Freshly prepared solutions of tris 
(6-chloroethyl) amine HCl (0.6 mg./kg.) (HN3) in saline were injected in- 
travenously on the 2nd, 3rd, 5th and 7th days after operation. Details for 
these procedures have been described (Ludewig and Chanutin, 1946). 
Neither the adrenals nor the blood plasma were analyzed in the few animals 
manifesting jaundice. Partial nephrectomy was done according to a two- 
stage operation described by Chanutin and Ferris (1932), about 5/6 of the 
kidney tissue was removed. After an interval of 5 days following the second 
operation, saline or HN3 was injected intravenously. All operations were 
performed under pentobarbital anesthesia and the animals were starved 
after intravenous injection. 

The animals were sacrificed by exsanguination from the abdominal aorta 
while under anesthesia and the adrenals were removed immediately. Clotting 
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of blood was prevented by potassium oxalate. The plasma cholesterol was 
determined according to procedures described by Sperry and Brand (1943). 
The extraction of the adrenals and the procedures for determining cholesterol 
have been described (Ludewig and Chanutin, 1946). 


RESULTS 


Partially Hepatectomized Rats—Data for the total adrenal choles- 
terol contents and plasma cholesterol concentrations and adrenal 
weights of partially hepatectomized rats injected with saline or HN3 
are shown in Table 1. It will be noted at that intervals varying from 


TABLE 1. CHOLESTEROL DATA FOR ADRENALS AND PLASMA, AND ADRENAL WEIGHTS OF 
PARTIALLY HEPATECTOMIZED RATS AFTER INJECTION OF SALINE AND HN3 


Adrenal Cholesterol Plasma Cholesterol ss 
i Adrenal Weight 
/100 em /100 ml mg./100 gm. rat 


Saline HN3 Saline HN3 
Two days after operation 


5643.6 (7) 56+ 
2:7 00) 54 


-7(10) 70+6. 

534+2.8(10) 6743. 

(9) 53+5.4 (9) 5244. 
Three days after operation 
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1 0.60+ 0 
2 0.53+ 0 
3 0.64+ 0 
4 0.63 + 0 
5 0.66+ 0 


HH 


HEHE HEHE 
He 


41+2.5 (10) 
Seven days after operation 

47+1.9 (10) 

60+4.7 (8) 


HEHEHE HEH 
HE 


18.9 + .80 
23 .5*+1.30 


* Represents significant difference from value of corresponding saline group. 
+ Figures in parentheses represent number of aimals. 


2 to 7 days after operation, groups of animals were sacrificed daily for 
5 successive days after injection of saline or nitrogen mustard. 

The cholesterol contents of the adrenals of the saline-injected rats 
are increased similarly to the values for intact rats subjected to star- 
vation (Ludewig and Chanutin, 1946). Injections of HN3 into rats on 
the 2nd day after partial hepatectomy produces no statistically sig- 
nificant change in the cholesterol content. On the other hand, injec- 
tions of HN3 on the 3rd, 5th, and 7th days after operation are respon- 
sible for decreases in the cholesterol content. This apparent discrep- 
ancy could be explained by the fact that the hepatic cells which are 
regenerating most rapidly on the 3rd day (Higgins and Anderson 


Inj. 
Saline HN3 
1 .95 16.8 +6.2 Bec 
3 .56 22.0*+ 
.60 20.5 + .96 
5 -85 23.4*+1.42 
.46*+ .03(10)  47+2 16.6 + .25 
+.04 (9) 4341 .48 15.9 + .90 
.32*+ .06(10) 20.9*+ .66 
.37*+ .06 53+2 .50 24.7*+1.8 
-64 +.06 (9 53+1 -70 23.7 +1.2 
Five days after operation 
16.0 + .70 
18.1*+ 158 
-51 19.8*+1.50 
21.3*41.37 
-73 19.2 + .80 
1 30 16.6 + .41 
2 18.8*+ .82 
3 19.7*+1.02 
4 
5 
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1931), (Brues, Drury and Brues, 1936) are probably most sensitive to 
the cytotoxic effect of HN3 (Gillette and Bodenstein, 1946). 

Slight increases in the cholesterol concentration of the plasma are 
observed after HN3 (Table 1). The adrenal weights per 100 gm. body 
weight of saline-injected partially hepatectomized rats are increased 
(Table 1) above the mean value of 11.3 mg./100 gm. body weight for 
the intact untreated animals. The injection of HN3 into these animals 
causes a still greater adrenal hypertrophy than is observed in the sa- 
line-injected animals. 

Partially Nephrectomized Rats—Data for the partially nephrec- 
tomized rats are shown in Table 2. The adrenal cholesterol values for 


TasLeE 2. CHOLESTEROL DATA FOR ADRENALS AND PLASMA, AND ADRENAL WEIGHTS OF 
PARTIALLY NEPHRECTOMIZED RATS AFTER INJECTION OF SALINE AND HN3 


Plasma Cholesterol 


Concentration Adrenal Weights 


mg./100 gm. rat 


* Represents significant difference from value of corresponding saline group. 
+ Figures in parentheses represent number of animals. 


the saline-injected animals are variable. Injection of HN3 causes a 
decrease in ester cholesterol content on the 2nd, 3rd, and 4th days; 
this has been observed in intact animals. The decrease in the palsma 
cholesterol concentration in the starving saline-injected partially 
nephrectomized rats is not observed in starving intact animals (Cha- 
nutin and Ludewig, 1946). After administration of HN3, the plasma 
cholesterol concentration remains unchanged and the values are sig- 
nificantly higher than those of the saline controls. The adrenal hyper- 
trophy in these HN3 injected rats is the greatest ever observed in this 
laboratory (Ludewig and Chanutin, 1946). 


SUMMARY 
Evidence is presented to indicate that liver insufficiency interferes 
with the cholesterol metabolism in the adrenals. 
No significant changes in the plasma cholesterol concentrations or 
adrenal hypertrophy can be attributed directly to HN3 in either par- 
tially hepatectomized or partially nephrectomized rats. 
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Days 
mg./100 gm. rat mg. / mil. 
nj. 
Saline HN3 Saline HN3 Saline HN3 
0 03 (11)t 80+2.8 (11) 15.9+0.30 
1 05 (8) 0.58+.05 (10) 7242.9 (9) 6842.6 a3} 18.8+0.33 21.9*+0.40 
2 09 (6) 0.52+ .05* 63 +3.0 76+2.6 20.8+0,72 24.2 +1.30 
3 02 (8) 0.39+.08* (9) 57+4.0 (7) 7646.6 (9) 21.341.03 25.6*+1.20 
4 04 (5) 0.54+.06* (8) 5543.7 (5) 84+7.2* (8) 21.340.46 23.9 +1.12 
5 04 (9) 0.84+.06 (10) 48+2.7(10) 72+4.6*(10) 22.0+1.60 27.9 +1.90 
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INCREASED PROTEIN CATABOLISM IN THYROID- 
ECTOMIZED RATS: RATES OF URINE UREA 
EXCRETION AND SERUM UREA 
CONCENTRATIONS' 


EDWARD C. PERSIKE 
From the Department of Medicine, Stanford University School of Medicine 
SAN FRANCISCO, CALIFORNIA 


Unirormiry of opinion does not exist regarding the relationship of 
hypothyroidism to urinary nitrogen excretion. Magnus-Levy (1907) 
noted a low nitrogen excretion in myxedematous patients, while 
Underhill and Hilditch (1909) and Janney and Isaacson (1918) re- 
ported no definite change in nitrogen excretion after thyroidectomy. 
Johnston and Maroney (1939) described negative nitrogen balances 
in cretins, which could be made positive by the administration of 
thyroid. Small numbers of subjects were studied by these authors, 
and their investigations were performed under diverse conditions. 
This report is presented because no definite conclusion can be drawn 
from the existing literature on the relationship of hypothyroidism to 
protein metabolism, and because it was found in the experiments de- 
scribed here that the rate of urea excretion of thyroidectomized rats 
may increase markedly under certain conditions not associated with 
a high intake of dietary protein. Urea was measured instead of nitro- 
gen, since these studies were part of an investigation into the factors 
concerned with total deamination. é 


METHODS 
A total of 152 healthy male albino rats was separated into 14 groups. The 
number of rats within each group, and the purposes for which they were used 
are indicated in Tables 1 and 2. Some groups consisted of unoperated con- 


trols, some were submitted to mock thyroidectomy, and some were thyroid- 
ectomized, using blunt dissection and cauterization of the thyroid bed.? 


Received for publication February 19, 1948. 

1 These studies were aided by a grant from the Columbia Foundation. The author 
gratefully acknowledges technical assistance by Miss H. J. Ureen, Mr. W. Lew, Mr. 
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2 Because it is impossible to remove the thyroid gland of the rat without also excis- 
ing the parathyroids, both glands were removed at operation. Half of the thyro-para- 
thyroidectomized animals died during the first 2 postoperative weeks with tetanic con- 
vulsions. No convulsions were observed in the surviving rats after the second post- 
operative week. Since measurements of urea excretion were not made until after the 
third postoperative week, and since existing knowledge of parathyroid function does 
not relate these glands to protein metabolism except during convulsions after parathy- 
roidectomy (Haden and Orr, 1924), it is not thought that removal of the parathyroid 
glands influenced the observations reported here. 
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The thyroidectomized and mock thyroidectomized animals weighed approxi- 
mately 150 gm. at operation. Three weeks intervened between operation and 
the first urine collection. As the weight of the thyroidectomized rats averaged 
150 gm. 3 weeks after operation, the unoperated controls were selected at 
equivalent body weights in order to simplify comparison of biochemical and 
autopsy findings. 

’ In order to avoid alterations in metabolic rates or food consumption due 
to temperature change (Terroine and Trautmann, 1927; Benedict and Mac- 
Leod, 1929), the environmental temperature was controlled so that it did 
not fall below 20° C. The highest temperature recorded was 28° C., and this 
temperature was reached only on a few occasions for short periods of time. 
Prior to the urine collection periods, all rats ate the same stock diet contain- 
ing 17% protein, and were supplied liberally with water. During the time of 
urine collections, Groups 1, 2, 3, 4 and 6 were kept in special cages designed 
to measure urine urea excretion and food consumption simultaneously, an 
excess of stock diet and water was provided, and the food consumption was 
measured daily. The rats in Groups 7-14 were placed in individual cages dur- 
ing the urine collection period, and were fed a solution of 35% glucose in 
water with 0.4% sodium chloride and vitamins of the B complex for 4 days 
before autopsy. Because the unoperated control rats in Groups 1 and 2 ate 
an average of 12.3 gm. of stock diet daily, and the thyroidectomized rats in 
Groups 3 and 4 consumed an average of 6.5 gm. of stock diet daily from the 
time of operation until autopsy, the restricted feeding control Groups 5 and 
13 were restricted to an intake of 6.5 gm. of stock diet daily for 24 days. 

Urine collections were made at 24 hour intervals, and the specimens were 
combined to form one urine pool daily for each group. Since rat urine may 
become contaminated with urease producing organisms, and since urease is 
ineffective in a sufficiently acid medium, enough acid was added to the urine 
collection receptacles to insure complete urease inhibition. The animals 
were killed by exsanguination immediately after the last urine collection, 
and various autopsy measurements were made. These are reported sepa- 
rately (Persike 1948). Blood serum specimens for rats within each group were 
pooled. Urea determinations on urine and serum pools were performed by the 
urease aeration method of Addis (1925). 


RESULTS 


Growth Rates: The average growth rates are shown by Fig. 1. The 
average growth rate of the mock thyroidectomized animals was not 
significantly different from the average growth rate of unoperated 
controls under similar environmental conditions. Growth of the thy- 
roidectomized rats was arrested immediately after operation, and no 
essential change in average body weight occurred during the 3 post- 
operative weeks. The average body weight of the restricted feeding 
controls progressively declined. Three weeks after the start of re- 
stricted feeding, these animals weighed 11% less than the thyroidec- 
tomized rats and 30% less than the unoperated controls.’ 

3 Others have described a retardation of growth after thyroidectomy in rats (Ham- 
mett, 1926) which could be overcome by the administration of dessicated thyroid or 


thyroxine (Rowlands, 1942). The volume of thyroid tissue present 2 months after 
subtotal and total thyroidectomy in rats, as determined by serial sections of the neck 
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AFTER START OF EXPERIMENTATION 
Fie. 1. Average growth rates. 


Rates of Urea Excretion: The average rates of urea excretion are 
given by Fig. 2. Seven days after operation, the thyroidectomized 
rats excreted 27% less urea than the average of unoperated controls. 
After this, the rate of urea excretion of the thyroidectomized rats 
gradually increased, so that 24 days after operation, it averaged 10% 
less than the control rate. During this time, the unoperated controls 
ate 12.3 gm. of stock diet per rat daily and the thyroidectomized ani- 
mals consumed 6.5 gm. of stock diet per rat daily. The réstricted feed- 
ing control rats, which were given 6.5 gm. of stock diet per rat daily 
for 24 days excreted slightly less urea at the end of this time than did 
the freely fed unoperated controls. The mock thyroidectomized ani- 
mals excreted a little more urea than did the unoperated controls. 
The mock thyroidectomized rats, however, weighed 30-40% more 
than the unoperated controls at the time of urine collections, having 
grown during the 3 weeks after the mock operation (Table 1). 

When the diet was changed to 35% glucose solution, the rates of 
urea excretion of all the animals decreased, but not proportionally. 


region, was correlated by Weil (1941) with the degree to which growth was retarded. 
He found that a reduction in thyroid tissue to one third of normal was sufficient to 
retard growth, and with lesser amounts remaining the growth rate was proportional 
to the amount of thyroid tissue removed. When compared with Weil’s data, the ar- 
rested growth rate during the 3 postoperative weeks of the animals thyroidectomized 


for the experiments reported here indicates that complete thyroidectomies were per- 
formed. 
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8 


TIME IN DAYS 
Fig. 2. Average rates of urine urea excretion. 


After having been fed glucose solution for 4 days, the unoperated con- 
trol rats excreted an average of 45.9 mg. of urea per rat daily, while 
the thyroidectomized animals excreted an average of 96.9 mg. of urea 
per rat daily, or more than twice the control rate. The rate of urea 
excretion of the restricted feeding controls was slightly less than the 
unoperated control rate under these circumstances. 

Serum Urea Concentrations: The serum urea concentrations are 
given in Tables 1 and 2. In all instances, the serum urea concentra- 
tions of the thyroidectomized rats were higher than those of the un- 
operated controls, averaging 44% higher for the rats fed stock diet 
before autopsy, and 152% higher for the rats killed after 4 days of 
glucose solution feeding. The serum urea concentrations of the mock 
thyroidectomized rats were not particularly different from those of 
the unoperated controls. The average serum urea concentration of the 
restricted feeding controls which were killed after having been fed 
stock diet was 34% greater than the average unoperated control 
concentration, but was not much different than the unoperated con- 
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TaBLeE 1. AVERAGE RATES OF URINE UREA EXCRETION AND SERUM UREA 
CONCENTRATIONS OF RATS FED STOCK DIET BEFORE AUTOPSY 


Urea excretion, 
mg./rat/24 hr. 
% change 


from un- 
Group | Mean operated 
controls 


241.0 

R . 252.6 | 246.8 

= 220.8 | 
Av 6.5 

48.4 +44 217.3 | 219.1 


221.3 | 221.3 


Restricted Feeding | Restricted stock diet. .9 | 44.9 +34 
Con 6.5 gm./rat/day. | 
29.7 | —12 


Mock Thyroidec- | Unrestricted stock diet. 
tomized Control 


280.0 | 280.0 


TaBLE 2. AVERAGE RATES OF URINE UREA EXCRETION AND SERUM UREA 
CONCENTRATIONS OF RATS FED GLUCOSE SOLUTION FOR 
4 DAYS BEFORE AUTOPSY 


Urea excretion, 
mng./rat/24 hr. 


Restricted stock diet 
followed by glucose 
feeding. 


Unrestricted stock diet 
followed by glucose 
feeding. 


trol concentration for the group which was autopsied after 4 days of 
glucose feeding. 


DISCUSSION 


Because the rate of urea excretion depends upon a complex of con- 
ditions, there are difficulties in giving a definitive explanation of the 
behavior of the rates of urea excretion in the thyroidectomized rats. 
Some of the factors involved in the excretion of urea are the amount of 
food protein consumed, the rate of protein anabolism which reduces 
urea formation, the rate of protein catabolism which increases urea 
formation, the rate of urea formation which depends upon the deami- 
nation of amino acids, and the ability of the kidney to excrete urea. 
A complete understanding of the rates of urea excretion observed in 
these experiments would require the isolation of each factor. Never- 
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| -11 
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Type of Group | Food consumption Gow of, stat % change | % change 
aul m un- un- 
Group) Mean Group | Mean ted 
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trol followed by glucose | 
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Control 
Mock Thyroidec- | mms | 14 | 11 | 178 || 9.7| 9.7| —25 || 59.5| 59.5| + 30 
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theless, certain conclusions which have a high degree of probability 
may be derived from the observations reported here. 

An attempt was made to equalize the food consumption effects on 
urea excretion by restricting normal animals to that amount of food 
eaten voluntarily by the thyroidectomized rats, since it was found 
that the thyroidectomized animals ate only half the amount of food 
which was consumed by the unoperated controls. The restricted feed- 
ing controls lost weight progressively on this level of food intake, and 
it is assumed from this observation that their caloric requirements 
were not fulfilled. This offers an explanation for the apparent dis- 
crepancy between the food protein consumption and the rate of urea 
excretion of the restricted feeding controls when compared with the 
unoperated controls while they were eating stock diet. The restricted 
feeding controls probably used body protein to supply calories, and 
because of the necessarily increased rate of deamination under these 
conditions, their rates of urea excretion were increased and their serum 
urea concentrations rose. When fed glucose solution freely, however, 
the restricted feeding controls ware able to consume enough calories 
for energy needs, it was no longer necessary for them to use body pro- 
tein for this purpose, and their rates of urea excretion and their serum 
urea concentrations fell to approximately normal levels. 

Despite the apparent equality in food consumption, a different 
situation obtained for the thyroidectomized rats. It is well known that 
oxygen consumption and carbon dioxide excretion are diminished after 
thyroidectomy, and from these facts it is inferred that catabolism of 
carbohydrate and fat are decreased. Fig. 1 shows that the thyroidecto- 
mized rats maintained their body weights.‘ Since it seems logical to 
assume from this finding that their caloric requirements were satis- 
fied, and since they consumed only one half the amount of food pro- 
tein as the unoperated controls, it might be expected that their rates 
of urea excretion would be decreased by one half and that their serum 
urea concentrations would be less than those of the unoperated con- 
trols. In fact, however, their rates of urea excretion were only 27% 
less than the average unoperated control rate one week after operation. 
Furthermore, their rates of urea excretion gradually increased so that 
24 days after operation they were excreting urea at approximately the 
same rate as the unoperated controls, and their serum urea concen- 
trations were increased by 44% (Table 1). These findings can be ex- 
plained by an increase in protein catabolism and in the rate of deami- 
nation. 

An increased rate of protein catabolism is demonstrated more 
clearly when the rates of urea excretion and the serum urea concen- 
trations of the thyroidectomized rats are compared with the unop- 
erated control values after 4 days of glucose solution feeding, a suffi- 


4 Hydration of the different groups seemed about the same at autopsy, and an 
increase in subcutaneous fluid was not observed in the thyroidectomized rats. 
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cient time to eliminate the influence of the previous stock diet protein 
consumption. Thirty-five per cent glucose solution is sufficiently con- 
centrated to supply more than enough calories when fed to rats. While 
no actual measurements were made, there is reason to believe that 
the thyroidectomized animals consumed enough of this solution to 
satisfy their caloric requirements.® If this is assumed, the strikingly 
elevated rates of urea excretion and serum urea concentrations of the 
thyroidectomized animals offer further evidence that protein catab- 
olism and deamination of amino acids is increased after thyroidec- 
tomy. Because protein anabolism is reduced to a minimum in rats 
fed a glucose solution alone, without any dietary protein, these ex- 
perimental conditions eliminate the possibility that the findings are 
due to a decreased absolute rate of protein anabolism in the thyroid- 
ectomized rats. 


SUMMARY 


The rates of urea excretion and the serum urea concentrations of 
thyroidectomized rats were compared with those of appropriate con- 
trols, using 2 diets, stock diet containing 17% protein, and a 35% 
glucose solution. The serum urea concentrations of the thyroidecto- 
mized rats were greater than those of the controls on both diets. When 
fed stock diet, the average rate of urea excretion of the thyroidecto- 
mized animals rose from 27% less than the unoperated control rate 1 
week after operation, to almost the same as the unoperated control 
rate 24 days after thyroidectomy. The food consumption of the thy- 
roidectomized rats was one half that of unoperated controls of equiva- 
lent body weights. When fed a 35% glucose solution for 4 days, the rate 
of urea excretion of the thyroidectomized rats was 111% greater than 
the control rate. These findings are discussed. The hypothesis is ad- 
vanced that thyroidectomy in rats produces opposite effects on pro- 
tein metabolism and on carbohydrate and fat metabolism, protein 
catabolism being increased, and the catabolism of carbohydrate and 
fat being decreased. 
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5 Attempts were made to measure consumption of the 35% glucose solution by 
weighing the feeding bottles. The solution was so heavy, however, that leakage pre- 
vented measurements from being performed accurately. 


INCREASED PROTEIN CATABOLISM IN 
THYROIDECTOMIZED RATS: 
ANATOMICAL CHANGES! 


EDWARD C. PERSIKE 
From the Department of Medicine, Stanford University School of Medicine 
SAN FRANCISCO, CALIFORNIA 


WHILE many experimental studies have been made of anatomical 
changes which occur in hyperthyroid states, few similar investiga- 
tions of hypothyroidism have been undertaken. Organ weight changes 
after thyroidectomy have been described, but observed organ weights 
have not been related to any standard of reference for comparison. 
The relationship of food consumption to organ weights is well known, 
but no study of hypothyroidism, with the rat as the experimental 
animal, could be found in which actual measurements of food con- 
sumption had been made, although it has been stated that food con- 
sumption of rats probably is decreased after thyroidectomy (MacKay 
and MacKay 1931; Addis, Karnofsky, Lew and Poo 1938). 

In the preceding paper (Persike 1948), data are given to show that 
the thyroidectomized rats used in these experiments voluntarily ate 
one half the amount of stock diet which was consumed by unoperated 
controls of equivalent body weights. On this level of food intake, the 
thyroidectomized animals maintained their body weights, but normal 
rats restricted to this level of food consumption progressively lost 
weight. On the basis of these observations and because of changes 
found in the rates of urine urea excretion and in the serum urea con- 
centrations, the hypothesis was advanced that protein catabolism is 
increased in thyroidectomized rats, and that this increase is not to be 
explained by supposing an inadequate caloric intake. Support for this 
hypothesis is given by the organ weight changes after thyroidectomy, 
presented here. 


METHODS 


The experimental conditions have been given in the preceding paper 
(Persike 1948). Since the average body weights of the different groups of 
rats varied because of conditions inherent to these experiments, the organ 
weights of all the animals were submitted to analysis (Walter and Addis 
1939), and are presented both as observed weights and as predicted weights 
for 150 gm. male rats in Tables 1-3. Serum protein concentrations were 
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measured from pooled sera by a modification of the biuret method of Kings- 
ley (1939). 


RESULTS 


Organ Weight Changes of Rats Fed Stock Diet Before Autopsy: Since 
the mock thyroidectomized rats continued to grow after operation, 
and were larger when killed than the unoperated controls selected 4 
days before autopsy at body weights of 150 gm., the observed organ 
weights of the mock thyroidectomized animals were greater than those 
of the controls. When these organ weights were corrected for body 


Tas Le 1. AVERAGE AUTOPSY FINDINGS (PER RAT) OF RATS FED STOCK DIET 
WITHOUT RESTRICTION 


Mock 
Unoperated thyroidec 
control Gar Thyro 
cha 
M 
Group | Group Group | Group | Group 
1 2 1-2 6 3 4 Par id control 
grow 
1-2 
Total Total 
No. of rats ‘12 10 22 ll ll 10 21 _ 
Observed data 
Body Wt. i — autopsy) 158 156 157 196 140 146 143 -9 
Carcass Wt. G 118 116 117 151 107 111 109 -7 
Liver Wt. ¥ 7542 7557 7550 8352 5964 5983 5974 —21 
Heart bi" 749 451 —23 
Kidney 1127 1122 1125 1285 921 934 928 -17 
Abit Fat Pads, Mg. 834 1002 918 1619 375 377 376 —59 
Drawn Blood Volume, 5.6 5.5 5.6 6.3 4.6 4.8 4.7 —16 
Serum Protein Conc., Gm. % 5.75 | 6.09 | 5.92 6.51 6.31 | 7.09 | 6.70 +13 
Organ Wie Corrected to 150 
m. Body Wt. 
Body Wt. Gm. 150 1 1 1 1 1 1 +0 
Carcass Wt. Gm 112 111 112 115 115 114 115 +3 
Liver Wt Mg. 7225 7 7261 6107 6217 —14 
Heart A ie. 585 570 578 615 493 474 —-18 
Kidney 1088 1 1094 1 969 952 961 —12 
—— Blood Volume, Ce. 5.3 5.2 5.3 4.9 4.9 4.9 4.9 -8 


weight differences, however, no significant deviations from the organ 
weights of the unoperated controls were found. 

The viscera of the thyroidectomized rats uniformly weighed less 
than the unoperated control organs. Averages of weights corrected 
to a body weight of 150 gm. demonstrated a reduction in liver weight 
of 14%, in heart weight of 18% and in kidney weight of 12%. The 
corrected carcass weights were 3% heavier than those of the unoper- 
ated controls, although a decreased amount of fat was seen at au- 
topsy, and the abdominal fat pads weighed 376 mgm. as compared 
with 918 mgm. in the unoperated controls (Table 1). 

A more marked reduction of fat in the restricted feeding controls 
was noted, and their abdominal fat pads weighed 144 mgm. The livers 
of these animals were even smaller than those of the thyroidectomized 
rats, the corrected liver weights averaging 29% less than the corrected 
liver weights of the unoperated controls. In contrast to the considera- 


May, 1948 PROTEIN CATABOLISM AND THYROID 365 


ble changes in heart and kidney weights observed in the thyroidec- 
tomized rats, the corrected heart and kidney weights of the restricted 
feeding controls were only 5% and 6% less than the corrected weights 
of similar unoperated control organs (Table 2). 


TABLE 2. RESTRICTED FEEDING CONTROLS (AVERAGE AUTOPSY FINDINGS PER RAT) 


% change % change 


(compare (compare 
Group 5* | unoperated | Group 13}+| unoperated 
control control 
groups 1-2) groups 7-9) 


No. of rats 
Observed Data 


Body Wt. Gm. os autopsy) 135 —14 128 — 4 
Carcass Wt. Gm 106 - 9 101 — 2 
Liver Wt. Mg. 4698 —38 5277 -— 7 
Heart Wt. Mg. 518 -13 512 -— 7 
Kidney Wt. Mg. 976 -—13 870 - 8 
Abdominal Fat" Pads, Mg. 144 —84 355 —_ 
Drawn Blood Volume, Ce. 5.0 -11 4.1 -11 
Serum Protein Conc., Gm. % 4.92 +4 


Organ Weights Corrected to 
150 Gm. Body Wt. 


Body Wt. Gm. 150 150 
Carcass Wt. Gm. 119 + 6 119 + 3 
Liver Wt. Mg. 5148 —29 6027 —4 
Heart Wt. Mg. 560 -— 3 574 -5 
Kidney Wt. Mg. 1053 - 4 971 — 6 
Drawn Blood Volume, Ce. 5.6 +6 4.8 - 8 


* Group 5 restricted to 6.5 gm. of stock diet daily per rat for 24 days. 
+ Group 13 restricted to 6.5 gm. of stock diet daily per rat for 24 a: following 
which 35% glucose solution was fed for 4 days. 


Organ Weight Changes of Rats Fed 35% Glucose Solution For 4 
Days Before Autopsy: When the food of rats is changed from stock 
diet to a glucose solution containing an adequate content of fluid, 
calories, salt and vitamins, an absolute loss of body and carcass weight 
ensues, and an even greater reduction in liver, heart and kidney weight 
takes place. The specific effects of thyroidectomy still are apparent, 
however, when organ weights of thyroidectomized rats are compared 
with those of controls subjected to the same conditions. 

The organ weights of the mock thyroidectomized animals were 
within the bounds of normal variation. The organs of the thyroidec- 
tomized rats again weighed less than those of the unoperated controls, 
the differences being even more marked than those found for the ani- 
mals fed stock diet before autopsy. Average corrected weights showed 
the livers to be reduced by 18%, the hearts by 20% and the kidneys 
by 21%. Hearts and kidneys slightly smaller than normal were found 
in the restricted feeding controls, the changes being of the same order 
of magnitude as those previously noted. Instead of a 29% reduction 
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in corrected liver weight, however, the average corrected liver weight 
of these animals killed after 4 days of glucose feeding was only 4% less 
than the average corrected liver weight of the unoperated controls.” 


The corrected absolute organ weight changes for all the rats are given 
in Table 4. 


TABLE 4, ABSOLUTE ORGAN WEIGHT CHANGES CORRECTED TO 150 GM. BODY WEIGHT OF 
THYROIDECTOMIZED RATS AND RESTRICTED FEEDING CONTROLS 
COMPARED WITH UNOPERATED CONTROLS 


Rats fed stock diet Rats fed glucose solution 
before autopsy before autopsy 
(Groups 1-6) (Groups 7-14) 


% change 


% change 


Re- 
stricted | Thyroid- Re- stricted | Thyroid- 
feeding |ectomized’ gtricted | Thyroid- 

feeding | ectomized 


feeding ectomized as Thyroid- 
feeding | ectomized 


Volume 


Drawn Blood Volumes and Serum Protein Concentrations: The 
drawn blood volumes (Lippman 1947) and serum protein concentra- 
tions .of the mock thyroidectomized rats were within the normal range 
for control rats of equivalent body weights. The corrected drawn 
blood volumes of the thyroidectomized rats were decreased by 8% 
to 10%, and their serum protein concentrations were increased by 
13% to 26%. The corrected drawn blood volumes and the serum pro- 
tein concentrations of the restricted feeding controls deviated some- 
what from the unoperated control values, but the differences probably 
were not abnormal. 


DISCUSSION 


It might be expected that a decreased need for calories would pro- 
tect the organ and body tissues of thyroidectomized rats from deple- 
tion. While this effect may explain their failure to lose weight on a 
diminished food intake, the rates of urea excretion and the organ 
weight changes cannot be accounted for on this basis. Other investi- 
gators have reported small hearts, livers and kidneys in thyroidec- 
tomized rats (Hammett 1927; Addis, Karnofsky, Lew and Poo 1938; 
Weil 1941). A comparison of the organ weights given here shows that 
the hearts and kidneys of the thyroidectomized rats were not only 
smaller than those of the freely fed unoperated controls, but also were 
smaller than those of the controls restricted to a food consumption 

2 The corrected heart and kidney weights of all the rats were submitted to statistical 
analysis. The chance that the differences between the corrected organ weights were 
fortuitous was found to be less than 1 in 100 when the organ weights of the thyroidec- 
tomized rats were compared with the unoperated controls, and between 1 in 100 and 5 
in 100 when the organ weights of the restricted feeding controls were compared with 


the organ weights of the unoperated controls. The author is indebted to Dr. Horace 
Gray who kindly performed the statistical analysis of these data. 


: 

é 
A 
gm./rat 
Carcass +7.000 | +3.000 | + 6 + 3 +3.000 | +1.000 +3 +1 a 
Heart —0.018 | —0.104 - 3 —18 —0.028 | —0.119 —5 —20 is 
Kidney —0.041 —0.133 —12 —0.065 | —0.213 —6 —21 
Liver —2.113 | —1.044 —29 —14 —0.263 | —1.121 —4 —18 7" 
Drawn Blood Ea 
+0.300 | —0.400 +6 | -8 —0.400 | —0.500 -8 —10 
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equal to that eaten by the thyroidectomized rats. These changes, 
therefore, cannot be explained entirely on the basis of a diminished 
food consumption. MacKay and MacKay (1931) recalculated kidney 
weights of thyroidectomized rats given by Hammett (1927), and 
found that they were considerably below the weights which rats re- 
ceiving no dietary protein should have. Although the work of the 
kidney was not measured in these experiments, it does not seem likely 
that diminished kidney work can account for the small kidneys, since 
kidney work in the rat is determined mainly by the rate of urine urea 
excretion, which was not decreased in the thyroidectomized rats 
(Persike 1948). 

In the preceding paper, evidence is presented to show that after 
thyroidectomy in rats, breakdown of body protein is accelerated and 
deamination of amino acids is increased, despite a lowered need for 
calories, and that at least part of this increased protein catabolism is 
independent of dietary influences. Such an effect also might explain 
some of the anatomical changes reported here, if it were assumed 
that the differences between the organ weights of the thyroidecto- 
mized rats and the unoperated controls were due to changes in the 
protein content of the organs. The findings of Addis, Karnofsky, Lew 
and Poo (1938) offer support for this assumption, for the percentage 
differences between the organ weights of the thyroidectomized rats 
and the unoperated controls in these experiments are remarkably 
similar to the percentage differences between the protein content of 
the organs of thyroidectomized rats and controls which they obtained 
by direct measurement. Such a hypothesis also offers an explanation 
for the seeming discrepancy between the relative changes in growth 
’ rates and organ weights and the differences in body fat of the thy- 
roidectomized rats and the restricted feeding controls. 

The heart is known to be less susceptible to dietary and metabolic 
changes than the liver and kidney (Addis, Karnofsky, Lew and Poo 
1938). The decreased heart weights of the thyroidectomized rats may 
be at least partially ascribed to a lowered oxygen consumption, a 
diminished blood volume and less work. An increased serum protein 
concentration in thyroidectomized rats also was found by Addis, 
Karnofsky, Lew and Poo (1938), and has been observed in human 
hypothyroidism by Deusch (1920). The liver weight changes on the 2 
diets are difficult to interpret, since the liver is very sensitive to dietary 
change, and since the glycogen content of the liver may increase 
greatly when rats are fed a calorically adequate glucose solution. No 
such considerations, however, explain the small kidneys found in the 
thyroidectomized rats. 

Further investigation is necessary to find the fundamental cause 
for the changes in protein metabolism observed in these experiments. 
The question arises as to whether these changes are mediated through 
altered function of other endocrine glands following thyroidectomy, 
or whether they are directly due to the hypothyroidism itself. 
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SUMMARY 


Organ weights of thyroidectomized rats and of appropriate con- 
trols were submitted to analysis, and are presented both as observed 
weights and as predicted weights for 150 gm. male rats, thus correct- 
ing for body weight differences. The organs of the thyroidectomized 
rats uniformly weighed less than similar organs of unoperated con- 
trols, and their hearts and kidneys weighed less than these organs of 
normal rats restricted to a food consumption equal to that eaten vol- 
untarily by the thyroidectomized rats. These findings are discussed. 
It is suggested that these anatomical findings support the hypothesis 
advanced in the preceding paper that after thyroidectomy in rats, 
protein catabolism is increased despite a lowered need for calories, 
and that at least part of this increase is independent of dietary in- 
fluences. 
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THE RESPONSE OF THE HUMAN FETAL REPRO- 
DUCTIVE SYSTEM TO THE ADMINISTRA- 
TION OF DIETHYLSTILBESTROL AND TES- 

TOSTERONE PROPIONATE DURING 
EARLY PREGNANCY? 


M. EDWARD DAVIS, M.D., ann EDITH L. POTTER, M.D. 
From the Department of Obstetrics and Gynecology, The University of Chicago 
and The Chicago Lying-in Hospital 
CHICAGO, ILLINOIS 


LILLI£ in 1917 described the freemartin and attributed this mas- 
culinization of the female twin to the presence of androgenic hormones 
reaching it from the male twin through the anastomosing circulation 
in the placenta. Since then numerous investigations have been carried 
out in an attempt to determine whether or not his conclusions con- 
cerning the etiology of the condition were correct. 

These experiments for the most part were designed to answer the 
following questions: 

(1) Do fetal gonads normally produce specific sex hormones? 

(2) Can the gonads be stimulated to produce such hormones even 
though they do not do so under normal circumstances? 

(3) Is it possible for hormones normally present or those resulting 
from abnormal stimulation of the fetal gonads to affect the develop- 
ment of the reproductive system? 

(4) Is it possible to alter the development of the reproductive 
tract by the artificial introduction of hormones into the environment 
in which development of the fetal gonads is taking place? 

The last question is the one of particular interest to clinicians. 
There has been a recent trend toward the use of large doses of female 
sex hormones in early pregnancy and for the occasional use of andro- 
gens. If these substances are capable of altering the normal develop- 
ment of the fetal reproductive system, this fact must be taken into 
consideration when hormonal therapy is contemplated. . 

The statement has been made on several occasions that the devel- 
opment of the reproductive system is under the control of hormones 
arising in the fetal gonads and that pseudohermaphroditism and other 
abnormalities are a result of the alteration of the fetal gonadal se- 
cretions. Moore and his coworkers, however, after careful experi- 
ments of their own and after evaluating and correlating the experi- 
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ments of others concluded that there is no satisfactory evidence prov- 
ing that the gonads produce a secretion during prenatal life or that 
they are capable of being stimulated to produce hormones during 
the period when such hormones might have an effect on the differen- 
tiation and elaboration of the reproductive organs. 

Almost all workers agree that alteration of the hormonal environ- 
ment in which the reproductive organs undergo differentiation into 
male and female may produce some modification of the pattern as- 
sumed by these organs. Interestingly enough, however, it has been 
shown that hormonal action is not specific and that both heterologous 
and homologous organs are stimulated by the presence of excessive 
amounts of hormones. 

Moore (1944), using the opossum in order that hormones might be 
given by inunction or injection to pouch young and thus avoid the 
deleterious effect of hormones on the placenta, made the following 
observations. Male hormone preparations given to females stimulated 
the embryonic development of the female sex ducts tremendously but 
did not affect the ovaries. They induced the presence of a prostate, 
the anlage of which is not normally present in the female. When given 
to males, androgens stimulated the prostate, phallus and Cowper’s 
glands and also exercised some stimulating effect on the female com- 
ponents of such males. Female hormones given to males stimulated 
a response on the part of some of the female components of the re- 
productive system but the male structures responded almost as well. 
There was no inhibiting effect on the testes. Female hormones given 
to females resulted in the precocious development of endometrial 
glands but development of Wolffian ducts was stimulated instead of 
being inhibited. This was not followed by any alteration in uterine 
function after birth. 

In experimental animals it thus seems possible for the administra- 
tion of hormones during the period of sex differentiation to result in 
some alteration in the form of the reproductive system. These changes 
do not seem to produce permanent alteration or to interfere Jwith sub- 
sequent function. 

It becomes important, nevertheless, to attempt to determine in 
the human whether the therapeutic use of hormones during preg- 
nancy may be attended by demonstrable changes in the reproductive 
systems of male or female fetuses. Effects produced in one species are 
not necessarily similar to those produced in another and the only way 
to be certain of the effect in the human is to study the human. The 
following investigation was consequently undertaken. 

Sex hormones were given early in pregnancy to fifteen women with 
normal gestations. Ten received diethylstilbestrol, three received 
progesterone and two were given testosterone propionate. The fetuses 
in seven of these patients were available for complete histologic stud- 
ies (Table 1). None of the patients exhibited an alteration in preg- 
nandiol excretion (Davis and Fugo, 1947). 
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TasLeE 1. FETAL SIZE IN RELATION TO HORMONE ADMINISTRATION 


Fetus Hormone 
number eight sngth| strua tration from first 
Sex grams | cm. ge Daily dose day of last men- 
(days) strual period 
47-1 F 98 17.5 | 114 | Diethylstilbestrol day 53-114 
200 mg. orally 
46-160 M 160 20.0 128 | Diethylstilbestrol 
100 mg. orally day 104-117 
200 mg. orally day 118-128 
46-160 M 190 22.0 | 128 | Diethylstilbestrol 
100 mg. orally day 104-117 
200 mg. orally day 118-128 
46-116 M 215 22.5 | 137 | Diethylstilbestrol day 104-137 
200 mg. orally 
47-46 M 216 22.0 | 133 | Testosterone Propionate | day 105-133 
50 mg. intramuscularly 
47-2 M 268 23.0 | 131 | Diethylstilbestrol day 85-128 
200 mg. orally 
46-575 M 360 27.5 | 150 | Testosterone Propionate | day 121-150 
50 mg. intramuscularly 


Six of these pregnancies were terminated by hysterotomy because 
of medical indications and one patient suffered a spontaneous abortion. 

Four of the patients on whom therapeutic abortions were per- 
formed received diethylstilbestrol, two received testosterone propi- 
onate. One of the former patients had twins. Six fetuses were male and 
weighed from 160 to 360 gms. The one female fetus weighed 98 gms. 

The lower portions of the ductus deferentes and ureters together 
with the seminal vesicles, prostate, bladder and urethra were removed 
as a single unit from each fetus and were fixed and embedded in their 
entirety. Sections from fifteen to twenty different levels were stained 
with hematoxylin and eosin. The testes and epidydimides were also 
removed and sectioned. 

Ten fetuses removed by hysterotomy with weights comparable 
to those in this experimental group were selected as a control series 
and sections were prepared from corresponding levels of the genital 
system. 

In no instance was it possible to differentiate grossly the fetus of 
a mother who had received diethylstilbestrol or testosterone propio- 
nate from one whose mother had not received hormonal therapy. The 
appearance of all structures studied was similar to that described in 
the standard textbooks of embryology and the organs showed a gradu- 
ally increasing maturity from the 160 gm. to the 360 gm. fetus. The 
principal changes were in the increasing size of the urinary bladder 
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and in the thickness of its musculature, in the increasing branching 
of the seminal vesicles and in the increase in number of glands present 
in the prostate. The testes showed little change except that in the 
largest fetus, in contrast to the others, the interstitial cells were slightly 
less prominent and connective tissue cells were proportionately some- 
what increased. 


Fig. 1. 46-538 Fetal weight 271 gm. Control fetus—no hormone administered. 
Section through the urethra at the level of the colliculus seminalis. The uterus mascu- 
linis is placed centrally and a portion of an ejaculatory duct is present on each side. 
Prostatic glands are most numerous in the posterior and lateral portions. X35. 
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Fig. 3. 47-2 Fetal weight 268 gm. Diethylstilbestrol was administered to the mother 
for 43 days prior to therapeutic abortion. This section is from a slightly higher level 
than that shown in figs. 1 and 2. The uterus masculinis is in the posterior portion 
of the prostatic gland and is flanked on either side by the ductus deferentes. The urethra 
is in the anterior part and the prostatic glands are all posterior to it. X35. 
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Fia. 4. 47-46 Fetal weight 216 gm. Testosterone propionate was administered to 
the mother for 33 days prior to therapeutic abortion, This section was taken at a level 
between that shown in figs. 2 and 3. The ductus deferentes are slightly more di- 
lated than in the other sections but are no larger than those found in similar control 
material, The uterus masculinis lies between them and the apex of the hillock of the 
colliculus seminalis. Prostatic glands are visible in the postero-lateral portions. X35. 
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In the 160 gm. fetus each seminal vesicle originates as a slender 
stalk srising from the ductus deferens. It broadens out to form a small 
sacculated area and from this two short projections extend upward. 
Prostatic glands, tending to group themselves in the postero-lateral 
quadrants, arise from the urethra at a level extending both above 
and below the origin of the seminal vesicles from the ductus deferen- 
tes. A few glands arise from the anterior aspect of the urethra below 
the level of the seminal vesicles. The prostatic utricle or uterus mas- 
culinis, which is the only portion of the Mullerian system that nor- 
mally remains in this region in the male, appears entirely normal. 

The testes are composed of wide cords of cells separated by promi- 
nent masses of large polyhedral acidophilic interstitial cells (cells of 
Leydig). The cords, which are the anlage of the testicular tubules, 
have no lumens. They are made up of two varieties of cells. Larger 
cells with pale staining cytoplasm are found principally at the periph- 
ery of the cords and more numerous smaller deeply staining cells make 
up the remainder. 

The structure of the same organs in the 190 gm. twin are identical 
to those just described except that the seminal vesicles show the be- 
ginning of a third branch arising from the sacculated portion. 

The 215 gm. fetus is much the same except that three definite 
branches are present in the seminal vesicles and both anterior and 
posterior prostatic glands are slightly more numerous. The beginnings 
of small lumens are present in a few of the testicular tubules. 

The 216 gm. fetus is almost identical to the one weighing 190 gm. 
There seem to be slightly fewer prostatic glands than in the 215 gm. 
fetus but the seminal vesicles are about the same. The uterus mascu- 
linis is the same in all three. 

The organs of the 268 gm. fetus show a slight increase in complexity, 
cross sections of four lumens being visible at some levels of the seminal 
vesicles. The prostatic glands resemble those of the 216 gm. fetus. 
The cords and interstitial cells of the testes are similar to the other 
fetuses. No lumens can be seen in the cords. 

The reproductive organs of the 360 gm. fetus exhibit the expected 
slight increase in maturity over the others. Cross sections of the semi- 
nal vesicles show six lumens at some levels. The glands of the prostate 
do not appear to be increased in number. The uterus masculinis is 
somewhat more irregular in shape than in the younger fetuses but a 
similar pattern is present in some of the control material. The inter- 
stitial cells are slightly less prominent and the connective tissue cells 
are proportionately more numerous than in the younger fetuses, but 
this appearance too is found in control fetuses of comparable weight. 

The one female fetus weighs 98 gms. and the genital organs are 
normally developed. No remnants of the Wolffian ducts are visible. 
The uterus is a single hollow tube surrounded by immature muscle 
cells and lined by a single layer of cells showing no rudiments of glands. 
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The cervix is lined by immature squamous epithelium and merges 
gradually with the vagina. The lower portion of the vagina is without 
a lumen and is composed of a solid epithelial mass. The fallopian 
tubes are lined by cells similar to those lining the uterus and have 
large, well developed lumens. The ovaries are composed of almost 
solid masses of cells similar to those found in the cords of the testes. 
Few stroma cells are visible. 


.CONCLUSIONS 


The administration of diethylstilbestrol or testosterone propio- 
nate to mothers early in pregnancy in the amounts used, and for the 
length of time given in this study did not produce any demonstrable 
changes in the appearance of the gonads or genital organs of 6 male 
fetuses. It can be concluded that these drugs administered in thera- 
peutic doses early in pregnancy will not affect adversely the develop- 
ment of the genital organs of the human male fetus. The material is 
inadequate for conclusions concerning the female fetus although the 
one fetus examined was normal. 
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THE ASSAY OF ADRENOCORTICOTROPHIC 
HORMONE BY THE ADRENAL ASCORBIC 
ACID-DEPLETION METHOD" 


MARION A. SAYERS, GEORGE SAYERS, anp 
LOWELL A. WOODBURY? 
From the Departments of Pharmacology and Physiology, 
University of Utah School of Medicine 
SALT LAKE CITY, UTAH 


THE ADMINISTRATION of pituitary adrenocorticotrophic hormone 
(A.C.T.H.) is followed by a temporary decrease in the amount of 
ascorbic acid present in the adrenals. Under suitable experimental 
conditions the degree of depletion of adrenal ascorbic acid is a function 
of the dose of A.C.T.H. administered. This relationship has been 
adapted to the quantitative assay of adrenocorticotrophic activity 
(Sayers and Sayers, 1946). The present paper is a detailed description 
and evaluation of the method based upon the results of a number of 
comparative assays carried out over the past two years. 


DEVELOPMENTAL STUDIES 


The adrenocorticotrophic activity of the adenohypophysis is sub- 
ject to marked change with alterations in the internal or external en- 
vironment of the organism. For this reason the adrenocorticotrophic 
activity of materials other than highly purified preparations of 
A.C.T.H. cannot be assayed in the animal whose hypophysis has not 
been removed. As will be shown in another section of this paper, even 
under the most favorable circumstances, 7.e., when highly purified 
preparations of A.C.T.H. are assayed, the response of the intact rat 
is much more variable than that of the hypophysectomized animal. 
Urine specimens which showed no activity when tested in hypophy- 
sectomized rats produced a definite reduction in the ascorbic acid 
content of the adrenals of intact rats. Furthermore, urine specimens 
containing small quantities of A.C.T.H. gave a greater response in 
intact rats than was warranted by the actual hormone content. On 
the other hand, the ascorbic acid concentration of the adrenals of the 
hypophysectomized animal is not influenced by environmental change 
or administration of a noxious agent and is affected only by the ad- 
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ministration of an exogenous supply of A.C.T.H. In order to be 
specific, an assay method for A.C.T.H. must be based on the use of 
hypophysectomized animals. 

When the pituitary is absent, each animal may serve as its own 
control. The concentration of ascorbic acid in the left adrenal has been 
found to be equal to that in the right, either when both adrenals are 
removed simultaneously or when one is removed one hour after the 
other. In the technic to be described the left adrenal is removed and 
its concentration of ascorbic acid is taken as the control level from 
which to measure the amount of depletion produced in the right gland 
by subsequently administered A.C.T.H. 

Following the administration of A.C.T.H. the ascorbic acid con- 
tent of the adrenal decreases rapidly, remains at a minimum for some 
time, and then returns to or exceeds the original level. A study was 
made to determine that period over which the concentration of ascor- 


TABLE 1. Response To A.C.T.H. IN RELATION TO THE TIME ELAPSED BETWEEN 
HORMONE ADMINISTRATION AND REMOVAL OF THE ADRENALS 


Dose of A.C.T.H. Depletion of adrenal ascorbic acid in mg. per 100 gm. 
(La-1-A) in mi- fresh tissue 

crograms per 100 

_ gm. body weight 30 minutes 60 minutes 90 minutes 120 minutes 


0.6 26.54+10.7* | 38.5+14.0 50.0+14.2 39.0+16.6 
2.4 132.0+ 7.2 | 121.5+10.3 | 109.5+ 9.2 | 107.0+12.2 


* Average and standard error of four animals. 


bic acid is maintained at a minimum following the administration of 
A.C.T.H. Least variation in response may be expected during this in- 
terval. It is apparent from the data presented in Table 1 that the 
concentration of ascorbic acid in the adrenals is depleted to a level 
which may be regarded as constant, within the limits of error of the 
method, over the period extending from 30 to 120 minutes after hor- 
mone injection. Two doses of A.C.T.H., 0.6 and 2.4 micrograms per 
100 gm. of body weight, were injected into groups of rats and the re- 
sponses determined 30, 60, 90 and 120 minutes after injection. Treat- 
ment of the data by the method of analysis of variance failed to show 
any significant difference between the responses at the stated times 
for either of the two doses. The interval of 60 minutes, which is used 
in the method as finally developed, may be expected to give a minimal 
variation of response since it lies in the midst of that time period fol- 
lowing hormone administration in which the concentration of ascorbic 
acid is minimal and relatively constant. Previous studies have indi- 
cated that it is inadvisable to choose intervals of less than 30 minutes 
or greater than 120 minutes. 

Following hypophysectomy the adrenal cortex undergoes atrophy 
and may be expected to become progressively less responsive to tro- 
phic hormone. For this reason it was considered wise to use the test 
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animal within as short an interval of time as possible after removal of 
the pituitary. An experiment was designed to test the influence of 
variations in the time elapsed after hypophysectomy upon the re- 
sponse to hormone. Eighteen rats were hypophysectomized and di- 
vided into three groups. At the end of 18 hours group 1 was given a 
graded series of doses of A.C.T.H. Group 2 was similarly treated at 
24 hours and group 3 at 30 hours after the operation. The log-dose 
response curves were determined for the three groups and found to 
be similar. The hypothesis that the three curves were in fact part of 
the same regression line was tested by the method of analysis of vari- 
ance (Tippet, 1937) and was not disproved. This would tend to indi- 
cate that the response of the animal to A.C.T.H. is relatively inde- 
pendent of the time after hypophysectomy between the limits of 18 
and 30 hours. However, the data were not sufficiently extensive to 
rule out small differences and it is therefore advisable to administer 
hormone at a fairly uniform time after operation. For reasons of con- 
venience 24 hours plus or minus three hours has been chosen as the 
time interval. 


TABLE 2. ASCORBIC ACID CONCENTRATION OF ADRENALS OF UNTREATED 
HYPOPHYSECTOMIZED RATS 


Adrenal ascorbic acid total Adrenal ascorbic acid mg. per 
in micrograms 100 gm. fresh tissue 


Difference Difference 
Left Right (per cent of Left Right (per cent of 
left adrenal) left adrenal) 


4.35 +1.07* 


* Average and standard error. 


The response to A.C.T.H. is expressed with the smallest variance 
as the drop in ascorbic acid per unit weight of adrenal tissue. Since 
in untreated hypophysectomized rats the concentration of ascorbic 
acid in the left adrenal equals that in the right adrenal (see Table 2), 
the depletion produced by hormone is expressed as the difference be- 
tween the concentration in the left adrenal, removed before A.C.T.H. 
administration, and that in the right adrenal, removed one hour after 
hormone injection. The total quantity of ascorbic acid in the adrenals 
is a function of the adrenal weight and is subject to considerably 
more variation than is the concentration of the vitamin per unit 
weight of adrenal tissue. This statement is borne out by the data in 
Table 2 which reveal the fact that although the right adrenal is uni- 
formly smaller than the left adrenal the concentrations of ascorbic 
acid in the two adrenals are identical. 


53.0 49.5 6.6 479 479 0.0 
49.4 48.4 2.0 477 482 1.0 
58.4 56.1 3.9 522 516 Suk 
54.0 52.9 2.0 435 435 0.0 : 
52.8 48.3 8.5 443 437 1.4 e 
61.8 63.7 3.1 462 473 2.4 = 
0.98 +0.37* 
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THE METHOD 


Technic. Sprague-Dawley male rats were maintained at an environ- 
mental temperature of 84 +1° F. for at least seven days prior to the assay. 
A mixture of ‘Calf Builder” meal (94 per cent), wheat germ (3 per cent) and 
dried brewers’ yeast (3 per cent) was fed ad libitum prior to and following 
hypophysectomy. Rats weighing 120 to 160 gm. were hypophysectomized 
by the parapharyngeal approach. At the time of autopsy the sella was ex- 
amined under a magnification of 2 times for completeness of hypophysec- 
tomy. 

Twenty-one to 27 hours after hypophysectomy the rats were anesthetized 
with sodium pentobarbital (4 mg. per 100 gm. of body weight intraperito- 
neally). The left adrenal was removed and prepared for analysis. The solution 
to be assayed was then administered via an exposed tail vein. One hour later 
the right adrenal was removed and prepared for analysis. The response was 
expressed as the difference in concentration of ascorbic acid in the left and 
right adrenals. 

The excised adrenal was transferred to filter papers and dissected free 
of fat and connective tissue with the aid of a fine pair of eye scissors and a 
head lens of twofold magnification. The capsule was kept intact, care being 
taken to leave no trace of extra-adrenal tissue which could introduce an error 
in the quantitative analysis of the gland. During this procedure the gland 
continuously occupied the spot on the filter paper which it initially moistened. 
If the dissection was prolonged for any reason, it was interrupted and the 
adrenal returned to the peritoneal cavity to prevent drying of the tissue. 
After the extraneous tissue had been removed the gland was wrapped in 
parafilm and weighed to the nearest 0.1 mg. on an analytical balance or, 
preferably, on a micro-torsion balance. After transferring the adrenal to the 
extraction medium the parafilm alone was weighed and adrenal weight ob- 
tained by difference. The gland was placed in a 15 ml. conical centrifuge tube 
containing 12 ml. of 4 per cent trichloracetic acid and a few grains of sand. 
A glass rod, flattened at one end to fit the bottom of the tube, was used to 
crush and grind the tissue. Norit (0.3 gm.) was added and mixed with the 
contents of the tube. Duplicate analyses were made on appropriate aliquots 
of the filtrate by the method of Roe and Kuether (1943) which determines 
total (reduced plus dehydro-) ascorbic acid. Accuracy of the analytical pro- 
cedures may be tested by comparing the concentration of ascorbic acid in 
the left adrenal with that in the right adrenal of untreated hypophysec- 
tomized rats. Table 2 presents the results of a series of such analyses. With 
rare exceptions the concentrations of ascorbic acid in the two glands of the 
same rat differ by not more than 25 mg. per 100 gm. of tissue. 

Approximately 500 micrograms of A.C.T.H.‘, weighed to the nearest 10 
micrograms, was dissolved in 9 drops of 0.01 N NaOH, diluted to about 3 ml. 


4 A.C.T.H. preparation 62AA (0.4 per cent ash, 4.0 per cent moisture and 15.47 per 
cent nitrogen on an ash- and moisture-free basis) was prepared according to the method 
of Sayers, White and Long (1943). Relatively large doses of this material produced no 
response in assays designed to test lactogenic, gonadotrophic, growth, and thyrotrophic 
activities. Posterior pituitary principle was present in amounts equivalent to 0.1 I.U. 
per mg. Preparation 62AA behaved as a single component in the Tiselius apparatus and 
in the ultra-centrifuge. Preparation La-1-A was obtained through the courtesy of Dr. 
Paul L. Munson of the Armour Laboratories. 
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with distilled water and transferred with rinsings to a 15 ml. graduated cen- 
trifuge tube. The solution was neutralized by the addition of 0.01 N HCl, 
using phenol red as an indicator, and diluted so that one ml. was equivalent 
to 96 micrograms of A.C.T.H. This concentrated solution, which was made 
up freshly for each day’s work, was stored in a refrigerator. The dilute solu- 
tions were prepared as needed from the concentrated solution by the addition 
of 0.9 per cent NaCl. As a precaution they were maintained at 0° C. and dis- 
carded after standing for a period longer than 2 hours. The various doses of 
A.C.T.H. were administered in a volume equal to 0.5 ml. per 100 gm. of 
body weight. The volume injected was calculated on the basis of the weight 
of the animal at the time of hormone injection. 


TaBLE 3. DESIGN FOR ASSAY 


Fifteen* rats hypophysectomized from about 10 a.m. to 2 p.m. 


Schedule of administration of hormone: 


A.M. 


P.M. 
Rats numbered (in parentheses) in order of hormone administration; 
hypophysectomies performed in this same sequence. 


T is a dose of test substance which has peverunetety the same activity 
as a dose S of a standard preparation of A.C.T 


Day three 


Ascorbic acid analyses. 


* It is advisable to start with more than the minimum of 12 hypophysectomized 
rats. The extras serve as substitutes for rats dying before the scheduled autopsy time. 


Table 3 presents a convenient experimental design and schedule for use 
in the present method of assaying adrenocorticotrophic activity. This plan 
may be repeated as a unit, or in part, until the accumulated number of test 
animals is sufficient to give the desired degree of accuracy of the assay. 


Results. The dose-response curve drawn from the data of a number 
of assays on A.C.T.H. preparation 62AA extending over the period 
January, 1946 to January, 1947 is presented in Figure la. Eighty ani- 
mals are included in this plot. The average response (dots) for each 
of the doses used together with the standard deviation (dashed lines) 
about the line of best fit (unbroken line) are presented. The curve is 
that of an hyperbola and may be expressed by the equation 


A+ BX 


where Y = the response expressed as the drop in adrenal ascorbic acid 
in mg. per 100 gm. of tissue and X =the dose expressed as micrograms 
of A.C.T.H. per 100 gm. of body weight of rat. A and B are constants. 


Day one 

(2) 

— (3) 2T (4) 28 ; 

(5) 4T (6) 48 

Day two (7) 4T (8) 4S 

. 
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Response 


Fia. 1. See text for explanation. 


From Figure 1b it can be seen that a rectilinear relation (unbroken 
line) expressed by the equation 


y=a+bez 


where y=the response; x=the log of the dose; a=the y intercept; 
b=the slope, exists in the dose range from 0.15 to approximately 2.5 
micrograms. The dashed lines are located one standard deviation from 
the unbroken line. 

In Table 4 are given the data plotted in Figures la and 1b to- 
gether with the standard deviation of the responses at each dose level. 


TABLE 4. STANDARD DEVIATION OF RESPONSE AT VARIOUS DOSE LEVELS OF A.C.T.H. 


Dose of A.C.T.H. Depletion of adrenal 
tissue 


Combined standard deviation about means = 20.3. 


The standard deviation is almost independent of either the dose or 
the response level. For all practical purposes the distribution of indi- 
vidual points about the line may be considered to be homoscedastic 
and therefore standard methods for fitting, comparing and evaluating 
the errors of the data were used. The mathematical procedures for 
analysis of assay data have been presented by Bliss (1935a, 1935b), 
Bliss and Marks (1939a, 1939b), Irwin (1937) and Pugsley (1946), and 
will not be given in detail here. 

The data of a typical assay in which two highly active adrenocor- 
ticotrophic hormone preparations are compared together with the per- 
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Dose Dose 
figure la Figure Ib 
0.15 14 21.5 10.5 
0.30 15 24.9 32.3 
0.625 16 16.3 77.9 
1.25 13 24.2 . 98.6 
2.5 13 15.3 131.1 
10.0 6 : 8.4 156.5 
40.0 3 30.5 185.0 
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TABLE 5. COMPARATIVE ASSAY OF LA-1-A AGAINST 62AA 
BY THE DIFFERENCE METHOD 


D f Concentration of adrenal ascorbic acid 
A CTH (mg. per 100 gm. of tissue) 


micrograms 62AA La-1-A 
per 100 gm. 


bod ‘ 
: Left Right Left Right 
weight adrenal | adrenal adrenal | adrenal 


311 287 
479 


b = 


62AA La-1-A Combined 


= 

»A =8/b= 0.119 0.155 

M =0.0737; ratio of potency La-1-A/62AA =1.185. 

Sm =0.0334; limits of error at p =0.95 are 85% to 117%. 
Range of potency La-1-A/62AA in 95 cases out of 
+ 100 =1.007 to 1.386. 


tinent statistical quantities are presented in Table 5. The doses chosen 
lie within the limits of the rectilinear portion of the log-dose response 
curve. The symbols have the following meaning: b=the slope of the 
log-dose line given by the equation y=a+bz, where y is the drop in 
adrenal ascorbic acid in mg. per 100 gm. of fresh tissue and x =logio 
(10-dose), dose being expressed as micrograms of hormone per 100 
gm. of body weight; s=the standard deviation about the line 


— Yealc)? 


where Yea is the value of Y calculated 
n—2 


from the equation y=a+bz and n is the number of observations; is 
the index of precision and is the error of x as estimated from y; M is 
the logarithm of the ratio of the potency of La-1-A to 62AA; Sy is the 
standard error of M. 

The results of this assay indicate that La-1-A is 1.185 times as 
potent as 62AA. If the assay were to be repeated 100 times then in 95 
cases the ratio of potency of La-1-A to 62AA may be expected to fall 
within the limits 1.007 to 1.386. It appears that La-1-A is slightly 
more potent than 62AA. 


385 
Differ- 
ence 
16 | 484 441 43 | 24 
16 | 474 444 30 83 a 
0.6 19 | 480 457 23 470 451 19 a 
19 — — — 508 479 29 ang 
21 456 433 23 
16 | 435 373 62 336 239 97 ie. 
16 506 422 84 421 360 115 soe 
1.2 19 | 435 377 58 500 463 37 a 
19 — — — 491 448 43 a 
21 | 486 409 77 351 250 101 = 
16 | 475 363 112 494 345 149 os 
16 | 456 350 106 534 341 193 . 
2.4 19 — — — 414 257 157 : 
19 | 502 371 131 463 330 133 : 
21 | 531 355 176 447 304 143 
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MUNSON MODIFICATION 


Munson, Barry and Koch (1948) have modified the method as 
described above. One hour after hormone administration both adre- 
nals are removed and combined for analysis. This modification has a 
distinct advantage in that the number of chemical analyses are re- 
duced to one-half that required by the ‘‘difference’’ method. However, 
an additional biological variable is introduced, namely, the pre-injec- 
tion level of vitamin C in the adrenal glands. 

Technic. The rats weighed 120 to 160 gm. at the time of hypophy- 
sectomy. Twenty-one to 27 hours after the operation they were anes- 
thetized with sodium pentobarbital (4 mg. per 100 gm. of body weight 
intraperitoneally) and the material to be assayed was administered 
intravenously. One hour later both adrenals were removed and dis- 
sected free of extraneous tissue. The glands were combined, weighed, 
extracted and analyzed according to the directions given above for 
the “‘difference’’ method. 

Results. The response may be expressed as the difference between 
the concentration of ascorbic acid in the adrenals of untreated con- 
trols and the concentration of ascorbic acid in the adrenals of hor- 
mone-injected animals. However, when standard and test substances 
are being compared it is unnecessary to use the level of ascorbic acid 
in the adrenals of untreated rats as a base line. The values obtained 
by this method in the hormone treated rats may be used directly as 


TABLE 6. COMPARATIVE ASSAY OF LA-1-A AGAINST 62AA 
BY THE MUNSON MODIFICATION 


Dose of A.C.T.H. Concentration of adrenal ascorbic acid 


micrograms por 160 (mg. per 100 gm. of tissue) 


gm. body weight 


Date 
Aug. 1947 


La-1-A 


0.6 


La-1-A Combined 
6 = : —168.7 9.9 
s = 26.54 

=s/b= 0.3 0.157 

M =0.1313; ratio of potency La-1-A/62AA =1.353. 

Sm =0.1017; limits of error at p =0.95 are 61% to 163%. 
potency La-1-A/62AA in 95 cases out of 100 =0.825 

to 2.205. 


386 
62AA 
21 488 400 
_ 21 412 — 
26 409 388 
26 399 464 
21 — 334 
21 — 393 
1.2 26 318 383 
26 423 389 
26 361 
26 409 — 
21 382 324 
2.4 21 336 313 
26 352 299 
26 361 331 
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the responses. When this is done the slope of the log-dose response 
curve has a numerical value approximately equal to that of the slope 
of the curve using the “‘difference’’ method but is of opposite sign. 
The rectilinear portions of the log-dose response curves for the Mun- 
son modification and the “‘difference’’ method cover approximately 
the same dose range. 

Table 6 presents the results of a comparative assay of preparation 
La-1-A against preparation 62AA by the Munson modification. Ac- 
cording to this assay La-1-A is 1.353 times as potent as 62AA and in 
95 cases out of 100 the estimate of the ratio of potency of La-1-A to 
62AA may be expected to fall within the range 0.825 to 2.205. 


ASSAY IN INTACT RATS 


An animal with an intact pituitary is of no value for the assay of 
the adrenocorticotrophic activity of mixtures containing substances 
which are potential pituitary stimulants. The results obtained are 
misleading in that they give falsely high values. Furthermore even 
in the assay of highly purified preparations of A.C.T.H., the variance 
of the observations is much greater in intact rats than in hypophysec- 
tomized animals. 

The removal of one adrenal results in a discharge of relatively 
large quantities of adrenocorticotrophin from the pituitary. For this 
reason the difference method is not applicable to intact rats. 

Technic. Rats weighing 120 to 160 gm. were anesthetized with so- 
dium pentobarbital (5 mg. per 100 gm. of body weight intraperi- 


TABLE 7. COMPARATIVE ASSAY OF LA-1-A AGAINST 62AA IN INTACT RATS 


Concentration of adrenal ascorbic acid 
Date (mg. per 100 gm. of tissue) 
gm. body weight 


Oct. 1947 


62AA La-1-A 


364 
376 


0.6 


Combined 
b = —181.8 — 88.9 —127.1 


s = 60 .22 
=3/b= 0.1 0.474 
=1.8706; ratio of potency Ta-l-A/62AA 0. 0782. 
mu =0. 2184: limits of error at p =0.95 are 35% to 288%. 
Range of potency La-1-A/62AA in 95 cases of 100=0.260 to 
2.137 


29 350 : 
30 448 
30 341 
29 372 365 
1.2 29 327 392 ey. 
29 380 429 Suck 
30 357 | 441 
29 248 203 
29 284 305 ; 
2.4 29 — 297 
30 316 376 
30 238 — > 
s 
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toneally). The material to be assayed was administered by tail vein 
in solution in a volume equal to 0.5 ml. per 100 gm. of body weight. 
One hour later both adrenals were removed and combined for analysis 
according to the directions previously presented. 

Results. The log-dose response curve obtained in intact rats is of 
the same character as that obtained in hypophysectomized rats. 
Table 7 presents the results of a comparative assay of La-1-A against 
62AA in intact rats. According to this assay La-1-A is 0.742 times as 
potent as 62AA. In 95 cases out of 100 the estimated ratio of the po- 
tency of La-1-A to 62AA may be expected to fall within the range 
of 0.260 to 2.137, limits of error much greater than those of either of the 
two methods of assay in which hypophysectomized rats were em- 
ployed. Other assays using intact rats have also been characterized 
by their relatively poor precision. 


DISCUSSION 


Methods for the assay of A.C.T.H. have employed alterations in 
adrenal size and in adrenal histology as indices of adrenocorticotrophic 
activity. For example, in the repair method (Simpson, Evans, and Li, 
1943; Sayers, White and Long, 1943) the potency of a preparation is 
measured in terms of its ability to restore to normal the size and his- 
tology of the atrophied adrenals of the hypophysectomized rat. In 
the maintenance method (Simpson, Evans and Li, 1943; Sayers, 
White and Long, 1943) activity is measured in terms of the ability of 
the substance to prevent the atrophy of the adrenals which follows 
hypophysectomy. The repair method extends over a time interval 
of 4 days and the quantities of highly purified hormone preparations 
needed to give a minimal response are in the neighborhood of 10 to 
25 micrograms. The maintenance method occupies a period of 14 days 
and requires a total dose of 70 to 260 micrograms to produce an in- 
crease in adrenal size significantly different from that of untreated 
hypophysectomized controls. 

The present method has at least four distinct advantages over 
these procedures. First, a single injection, rather than multiple injec- 
tions, is employed. Second, the present technic is much more rapid, 
the test animals being under the influence of hormone for a period of 
one hour. Third, the method has a much greater sensitivity, requiring 
quantities of purified A.C.T.H. of the order of 0.2 microgram to pro- 
duce a measureable response. Lastly, it has a higher degree of pre- 
cision. It is difficult to assess the accuracy of the repair and mainte- 
nance methods since they have not been subjected to statistical treat- 
ment. However, in the authors’ experience unexplainable irregularities 
in response have occurred during the assay of purified preparations 
of A.C.T.H. by these two methods. 

The advantages of the adrenal ascorbic acid-depletion method 
make it possible to determine the quantity of adrenocorticotrophic 
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activity in body fluids and tissues. The method is now being applied 
to the measurement of the adrenocorticotrophic activity of pituitariés, 
sera and urine of various species. 

The method of assay described appears to be specific for A.C.T.H. 
Evidence has been presented which indicates that the ascorbic acid 
concentration of the adrenals is under the specific regulatory control 
of the adrenocorticotrophic hormone of the anterior pituitary (Sayers 
and Sayers, 1947). Procedures which rapidly and markedly deplete 


TABLE 8. PRECISION OF THE METHODS 


Busiving concentration of ascorbic Employing difference in concentration of 
N acid in the right adrenal as the ascorbic acid in the two nals 
Date a response as the response 
b 
Feb., 1946 123.6 0.170 
(0.299)t 
Apr., 1946 | 15 35.88 — 96.1 0.374 17.85 88.7 0.201 
ay, 1946 | 19 25.57 —138.1 0.185 24.47 104.2 0.235 
Nov., 1946 | 12 46.00 —106.7 (0.182) 23.21 109.0 0.213 
Dec., 1946} 10 | 25.71 —_90.8 0.283 16.23 118.4 0.137 
Aug., 1947 | 12 15.49 —139.5 0.111 20.03 168.6 
Aug., 1947 | 14 78.62 —143.5 0.548 30.28 195.5 0.155 
0.325 + 0.056* 0.176 + 0.016* 
(0.279 + 0.057)t (0.170+ 0.020)t 
Munson Modification 
Aug., 1947 | 12 36.88 —115.0 0.321 eale)® 
1947| 11 | 26.54 | —168.7 0.157 
Oct., 1947| 12 | 47.83 | -203.5 0.235 
Oct., 1947] 11 | 30.57 | 283.7 0.108 
0.205 + .047* = index of precision 


* Mean and Standard error. 
t Values obtained when “‘ nt”’ observations are eliminated by the rule of Sealey and Sondern (1940).5 


the ascorbic acid content of adrenals of intact rats, such as bleeding 
(Sayers, Sayers, Liang and Long, 1945), and administration of epineph- 
rine (Long and Fry, 1945), have no effect on the concentration of 
the vitamin in the adrenals of hypephysectomized rats. The following 
substances also gave no response in hypophysectomized rats, when 
administered in quantities equal to 0.5 ml. per 100 gm. body weight: 
(1) 5 per cent glucose; (2) 0.9 per cent sodium chloride; (3) extracts 
(0.5 ml. equivalent to 100 mg. of tissue) of liver, brain and spleen of 
hypophysectomized rats. This is in striking contrast to the activity 
of anterior pituitary tissue. An extract of rat adenohypophysis ad- 
ministered in amounts equivalent to 0.10 mg. of this tissue brought 
about a marked depletion of the vitamin C content of the adrenals. 
In another experiment A.C.T.H. (62AA) was mixed with a purified 
preparation of human serum albumin in the ratio of one to 125. Ad- 
mixture of albumin had no effect upon the potency of the hormone. 
Intact rats have an extremely labile endogenous source of A.C.T.H. 
5 A response is considered abnormal and omitted whenever its contribution to the 


variance of the mean response exceeds the sum of that for all other individuals in the 
group. 


390 SAYERS, SAYERS AND WOODBURY Volume 42 


and are therefore of very little or no value for the assay of adrenocor- 
ticotrophic activity. Assays conducted in intact rats are highly vari- 
able and non-specific. It is unfortunate that intact rats have recently 
been employed in attempts to demonstrate the presence of adrenocorti- 
cotrophic activity in urine (Blumenthal, 1945; Williamson, 1946). 

In Table 8 are presented the standard deviations (s), the slopes 
(b), and the indices of precision (A), of a number of assays extending 
over a period of 18 months. The accuracy of the method employing 
the difference in concentration of ascorbic acid in the two adrenals as 
expressed by \(0.176 +0.016) is of the same order as that of the more 
precise of the biological assay methods. (See Table 3 of the paper by 
Bliss and Cattell, 1943.) ' 

The influence of the number of test animals employed upon the 
expected limits of error of the difference method is illustrated in figure 
2a. The method of calculation of the limits of error was carried out as 
follows. 

A widely used approximation to the error of M, the log ratio of 
the potencies, is given by the expression (Pugsley, 1946) 


where b, is the combined slope of the two analyses, 7, and 7, are the 


mean responses of the unknown and the standard respectively and 
8», is the standard error of the combined slope. 


where N,, and N, are the number of animals used in tests on unknown 
and standard and 


(N, — 2) + (N. — 2) 


When the doses of standard and unknown are chosen so that 7, ap- 
proximates 7, then the contribution of 


(Fu cay Fa) 80." 
b4 


may be disregarded and the expression for S 1 reduces to 


(1) 
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This equation indicates that the error of the ratio of potencies de- 
pends upon the variance of the points about the line, the slope of the 
line and the number of animals used in the analysis. Decreasing the 
variance, increasing the number of animals or increasing the slope 
reduce the error. 

From accumulated data for the difference method of assay the 
values of the combined variance and the combined slope were calcu- 
lated and found to be s?=490.7 and b,=114.15. These estimates were 
substituted in equation (1) and values of Sy calculated (using V,=N, 


3 


200 20 
concentration 
Difference right 
~ adrenal 
° 
150+ 150+ P=.97 
per group Norets per group 
612 24 36 46 60, 36 48 60 
75 P=.99 |S 75 


ta 2b 


Fig. 2. Relation between the number of rats per group and the expected 
limits of error of the assay. See text for details. 


=number of rats per group) for various numbers of animals. Using 
appropriate values of ‘‘t,’’ the limits of error at the 0.99 and 0.95 
levels of probability were then calculated and the results plotted in 
figure 2a. 

A similar calculation was made for the absolute concentration of 
ascorbic acid in the right adrenal and the results plotted in figure 2b. 

From these curves estimates of the number of animals required 
to give the desired degree of precision of assay can be obtained. Twelve 
animals per group, that is, twelve on each of standard and test sub- 
stance have been found to represent a practical balance between the 
requirements of precision and the labor involved. 

The Munson modification has the advantage that the number of 
chemical analyses required for a given number of rats is reduced to 
one half. It has the disadvantage that an additional biological variable 
has been introduced. A limited number of assays have been carried 
out according to the Munson modification. However, in the instances 
in which it has been used, although the values of \ have been quite 
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variable, the average, 0.205+0.047, compares quite favorably with 
the average value of \(0.176 +0.016) for the difference method (Table 
8). 

A comparative evaluation of the Munson modification and the 
difference method may be made from an analysis of difference-method 
data accumulated to date. In Table 8, values of s, b and \ have been 
calculated for the same assay data, using in one case the difference in 
concentrations of ascorbic acid in the two adrenals as the response 
(difference method) and in the other case the concentration of ascor- 
bic acid in the right adrenal as the response (comparable to the Mun- 
son method). It can be seen from Table 8 that the values of s and \ 
calculated from responses employing concentration of ascorbic acid 
in the right adrenal are greater and more variable than those calcu- 
lated from responses using the difference between the two adrenals. 
In figure 2b, the limits of error of assays in which the concentration 
of ascorbic acid in the right adrenal was used as response may be 
contrasted with the values presented in figure 2a, calculated from the 
same assay data using the difference as the response. It would appear 
that approximately twice as many animals are required to obtain the | 
same degree of accuracy with the Munson modification as compared 
with the difference method. A final evaluation of the two methods 
must await the accumulation of more assay data. 

For the qualitative detection of adrenocorticotrophic activity in 
biological material the difference method is the one of choice. The use 
of the Munson modification involves more labor in such cases since 
this technic requires a set of untreated controls along with the in- 
jected animals, particularly when there is little activity present in the 
material to be assayed. . 

Conditions in a particular laboratory, strain of rats, rat diet and 
a number of unknown variables influence the biological response to 
most hormones. For this reason the practice of defining the activity 
of a substance in terms of biological response is to be condemned. 
Potency of a test substance should, whenever possible, be expressed 
as the per cent of the potency of a standard calculated from assay 
data employing test and standard in parallel. Preparation 62AA has 
been stored in a dry state in a desiccator over calcium chloride. There 
has been no indication from the assay data accumulated in this labo- 
ratory over the past 18 months that this preparation has deteriorated. 
It is suggested, therefore, that assays of adrenocorticotrophic activity 
of test substances employ a highly purified preparation of adrenocor- 
ticotrophic hormone as a standard. 


SUMMARY 
Pituitary adrenocorticotrophic hormone depletes the ascorbic 
acid content of the adrenals of the hypophysectomized rat. This action 
has been made the basis of a highly specific and sensitive method of 
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assay of the hormone. The depletion is expressed as the difference be- 
tween the concentration of ascorbic acid in the left adrenal, removed 
immediately before hormone injection, and the concentration of as- 
corbic acid in the right adrenal, removed one hour after the intra- 
venous injection of hormone. A rectilinear relation exists between this 
depletion and the logarithm of the dose over the range 0.15 to 2.5 
micrograms of a highly purified preparation of A.C.T.H. The accuracy 
of the method is of the same order as that of the more precise biologi- 
cal methods of assay. The average index of precision, \, for 7 assays 
has been found to be equal to 0.176+0.016. 

It is suggested that a highly purified preparation of A.C.T.H. be 
employed as a standard against which to compare the potency of test 
substances. 

Intact rats are of little or no value for the assay of adrenocor- 
ticotrophic hormone since the responses obtained in these animals are 
highly variable and non-specific. 
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LYMPHOPENIA FOLLOWING ELECTRICALLY 
INDUCED CONVULSIONS IN MALE 
PSYCHOTIC PATIENTS 


W. P. MIKKELSEN! anno T. T. HUTCHENS? 
From the United States Veterans Administration Hospital 
AMERICAN LAKE, WASHINGTON 


RECENT animal experimentation has demonstrated that lympho- 
cyte dissolution and lymphoid tissue atrophy is one of the functions 
of the ‘‘S’” hormone (1l-oxycorticosteroid) of the adrenal cortex 
(Dougherty and White, 1945; White and Dougherty, 1945; Dougherty 
and White, 1947). This response is also initiated by pituitary adreno- 
trophic hormone in the presence of sufficient functional adrenal corti- 
cal tissue (Dougherty and White, 1943; Reinhardt and Li, 1945). It is 
the current opinion that this lymphoid tissue response to pituitary- 
adrenal cortical secretion is the mechanism responsible for the earlier 
described thymus and lymphoid tissue changes resulting from various 
types of stress in experimental animals (Selye, 1937; Ingle, 1938). 

There is a paucity of published studies concerning this response 
in man. One group of workers (Elmadjian and Pincus, 1946; Pincus 
and Elmadjian, 1946; Hoagland, Elmadjian and Pincus, 1946) have 
compared diurnal lymphocyte variations and lymphopenia resulting 
from stress in small groups of normal and psychotic patients. They 
have concluded that psychotic patients show comparatively anoma- 
lous lymphocyte changes in response to the stresses studied. The stress 
was produced in one group by exposure to an environmental temper- 
ature of about 40°C. for one hour and in the other by psychomotor 
fatigue under moderately anoxic conditions. 

In view of these reports, we felt that it might be fruitful to study 
the lymphocyte response to electrically induced convulsions in man 
using psychotic patients receiving electric shock therapy. Reported 
studies of circulating blood cell response to electric shock therapy 
are few. Jessner and Ryan (1941) state that the white blood count 
may immediately be doubled during the seizure but shortly returns 
to normal after cessation of the convulsions. Carse and Slater (1946) 
performed frequent white cell counts and differentials during a period 
of one hour following electric shock therapy on psychotic patients 
and concluded that there was a lymphocytosis reaching its height 
six minutes following the shock and returning to normal within one 
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hour. Centini and di Poggio, quoted from Fin Rud (1947), similarly 
observed a lymphocytosis during and immediately after electric shock. 


METHODS 


The subjects used in this study were male patients, all psychotic, selected 
at random from those receiving electric shock therapy. The standard technic 
for electric shock therapy used at this hospital was employed. This included 
the intravenous injection of 0.5 unit curare per pound body weight 5 to 10 
minutes before the electrical stimulus in order to minimize the extent of the 
convulsions. The patients received no sedation or narcosis for 24 hours be- 
forehand. The current used was the minimum necessary to produce a grand 
mal seizure and varied from 110 millivolts for 0.1 second in some patients 
to 140 millivolts for 0.4 second in others, the amperage and resistance 
being kept below 1.5 milliamperes and 1000 ohms respectively. 

‘The 30 examinations reported comprise the results of 18 grand mal reac- 
tions, 5 petit mal reactions and 7 controls. A grand mal reaction is designated 
as representing a generalized convulsive seizure. A petit mal reaction repre- 
sents the reaction to a subconvulsive stimulus that in all cases resulted in but 
momentary confusion, flushing of the face, apnea not exceeding 15 seconds 
and without muscular contractions. In order to obviate sources of emotional 
stress attendant with the electric shock procedure unshocked controls were 
included. These controls were subjected to the identical procedures used in 
administering electric shock therapy to the treated group with the sole ex- 
ception that no electrical stimulation was given. These controls were chosen 
from patients undergoing shock therapy and they expected to receive their 
treatment that day. The routine measures were carried out which included 
the withholding of breakfast, injection of curare, application of electrodes to 
the temporal regions of the scalp, insertion of the mouth gag, restraint meas- 
ures of the 5 attendants and finally the actual flicking of the switch of the 
shock machine with the electrical current disconnected. 

All subjects were examined in the following manner: total white counts 
were made in the usual manner on oxalated venous blood and differential 
smears were made from freshly drawn venous blood and stained by Wright’s 
method. Computations of the absolute lymphocyte count were done at 0, 
3, 6 and 12 hour intervals following the electric shock procedure. The 0 hour 
sample of blood, representing the base value, was drawn immediately before 
the administration of curare which was 5 to 10 minutes before the shock 
stimulus. Shock was carried out at approximately 9 a.m. and blood samples 
were subsequently drawn at approximately 12 M, 3 p.m. and 9 p.m. This 12 
hour period represents a time of day during which a gradual diurnal rise in 
lymphocytes usually occurs (Elmadjian and Pincus, 1946). 


RESULTS 


The results of the examinations of the absolute lymphocyte values 
in the 30 patients presented here are seen in Table 1, and the repre- 
sentative curves taken as mean values are plotted on Fig. 1. Lym- 
phopenia was commonly present at the 3rd hour following the shock 
procedure. The values observed at the 6th hour approximated the 
initial base values whereas the values at the 12th hour were consider- 
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TaBLeE 1. ABSOLUTE LYMPHOCYTE COUNTS FOLLOWING GRAND MAL AND PETIT MAL 
REACTIONS TO ELECTRIC SHOCK IN MALE PSYCHOTIC PATIENTS 


Patient Base values 3 hrs. Percent re- 6 hrs. 12 hrs. 
a before after duction 3 hrs. after after 
4 shock shock after shock shock shock 


Grand Mal Reactions 


Petit Mal Reactions 
1894 
1292 
1279 
2106 
924 


1589 


Controls 


ably higher. The 12th hour samples were taken at a time of day during 
which lymphocyte counts are usually near their highest. The average 
3rd hour figure for 18 examinations in patients following a grand mal 
reaction showed a decrease of 45% from the original base value, 
representing a drop of nearly half of the circulating lymphocytes. Two 
subjects in this series, it is noted, failed to exhibit a lymphopenia. 
The average 3rd hour value for the petit mal reactors followed very 
closely those of the grand mal, the figure representing a 48% drop 
from the base value. Lymphocyte levels conducted at 15 minute in- 
tervals on two patients showed this fall in lymphocytes to be a grad- 
ual process, the lowest figures being obtained from 2 to 4 hours after 


3080 2431 20 2420 4660 

3861 2008 48 1856 4550 

3792 615 84 3346 3832 

2795 3080 -il1 3584 4092 

2701 1477 49 1737 3120 

2706 734 75 2368 — 4625 

2985 1252 60 4042 4640 

4095 1770 58 3710 3900 

1530 1472 if 2660 3159 

10 4375 2232 50 3952 3294 

11 4162 2360 44 2170 3976 

12 2189 1837 19 4079 2800 

13 1476 997 33 2702 2875 

14 3924 2387 41 3276 4746 
15 2170 938 58 
16 2485 1020 59 

17 2423 822 67 2276 
18 2443 2420 0 2379 

Average 2955 1658 45 2909 3876 

19 3930 4 3210 4362 

20 2618 4 2100 3807 

21 3510 2 2492 3900 
22 2640 0 

23 2058 5 1918 2409 

Average 2951 | 48 2430 3619 

24 1540 2164 —40 1918 1813 

25 3692 3762 -— 3 3471 5852 

26 2820 3270 —14 3424 3984 

27 3429 3850 -11 5642 4900 

28 2288 1920 14 3765 4338 

29 1782 2835 —55 3078 3877 

30 2208 1643 28 3829 5350 

Average 2537 2777 - 8 3589 4302 
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the shock stimulus. Blood samples drawn 15 minutes after the convul- 
sion showed in both cases a distinct lymphocytosis, an observation 
consistent with that reported by Carse and Slater (1946). The average 
3rd hour figure for the controls reveals no lymphopenia and the 6th 
and 12th hour averages are consistent with a diurnal rise in lympho- 
cytes. Figures for total white counts have not been included, since at 
the intervals studied they failed to show any constancy. On several 
subjects the total white counts increased markedly but this increase 
failed to obscure the 3rd hour lymphopenia. For example, patient #3 
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Fia. 1. Graphic presentation of the average absolute lymphocyte values before and 
at 3 hour, 6 hour and 12 hour intervals following electric shock in male psychotic 
patients. 


who exhibited the greatest degree of lymphopenia, showed a rise in 
total white count from 7,900 to 12, 300 at the 3rd hour while the ab- 
solute lymphocyte value dropped from 3,792 to 615. Although we were 
not concerned with the polymorphonuclear leucotytes in this report, 
it should be mentioned that a moderate degree of neutrocytosis did 
develop in the majority of instances. 


DISCUSSION 


This study has demonstrated that an absolute lymphopenia fol- 
lows electrically induced grand mal and petit mal seizures in male psy- 
chotic patients. The time of appearance of this lymphopenia corre- 
sponds with the appearance of the lymphopenia reported following the 
administration of pituitary adrenotrophic or adrenal cortical prepa- 
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rations and following stress in experimental animals. This suggests 
that pituitary-adrenal cortical secretions may be responsible for the 
lymphopenia observed in this series. The manner in which the pi- 
tuitary-adrenal cortical secretions may be stimulated by electric shock 
is a matter for conjecture. The possible role of extreme muscular exer- 
tion or of hypoxia and hypercapnia is minimized by the occurrence 
of the lymphopenia following the petit mal seizures. Another possi- 
bility is that the anterior pituitary is stimulated either by the electrical 
current itself or by autonomic fibers. Higher automonic centers could 
conceivably be stimulated either by direct action of the stimulating 
current on the hypothalamus or by activation of hypothalamic affer- 
ent pathways. 

If the lymphopenia studied is due to stimulation of the pituitary- 
adrenal cortical secretions, patients receiving electric shock therapy 
present an unique opportunity for further study of this response in 
man. In addition, animal experimentation using this type of stimula- 
tion, may further clarify the mechanism responsible for the lympho- 
penia. 

SUMMARY 


Evidence is presented that a significant lymphopenia is found on 
the 3rd hour following both grand mal and petit mal reactions to 
electric shock therapy in male psychotic patients. The relation of this 
finding to the lymphopenia following various forms of stress as well 
as the administration of pituitary adrenotrophic and adrenal cortical 
preparations is discussed. 
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THE EFFECT OF INANITION ON THE ANTE- 
RIOR PITUITARY-ADRENOCORTICAL INTER- 
RELATIONSHIP IN THE GUINEA PIG? 


SAVINO A. D’ANGELO, ALBERT 8. GORDON 
aND HARRY A. CHARIPPER 
From the Department of Biology, Washington Square College of 
Arts and Science, New York University 
NEW YORK, NEW YORK 


It IS ABUNDANTLY clear from both clinical studies and those on 
laboratory animals that malnutrition profoundly modifies the struc- 
ture and function of endocrine glands, and that these modifications 
eventuate in hypofunction of the entire endocrine system (Jackson, 
1925, 1929, Stephens, 1941). Convincing experimental evidence has 
been presented, moreover, which indicates that the regressive changes 
appearing in various target organs, for example, gonad and thyroid, 
are attributable largely to suppression of appropriate trophic mecha- 
nisms in the pituitary of the starved animal (Mason and Wolfe, 1930; 
Selye and Collip, 1936; Werner, 1939; Mulinos and Pomeranz, 1940; 
Stephens, 1940; and D’Angelo, Gordon, and Charipper, 1942). A 
striking and exceptional change in this general pluriglandular defi- 
ciency is the hypertrophy of the adrenal cortex which occurs in certain 
starvation states. The many circumstances in which the adrenals are 
known to hypertrophy have been collated by Tepperman, Engel, and 
Long (1943a) ; and Swann (1940), Ingle (1942), and Long (1947) have 
reviewed the evidence which establishes the hypertrophic response as 
being mediated, in most instances, through the adrenotrophic mecha- 
nism of the anterior pituitary. Further evidence for the close relation- 
ship of the pituitary and adrenal cortex has come from experiments 
which demonstrate that atrophy of the cortex can be induced in rats 
by the administration of excess doses of cortical hormone—an effect 
presumably accomplished through suppression of pituitary adreno- 
trophic hormone secretion (Ingle, Higgins, and Kendall, 1938; Ingle, 
1939; and Wells and Kendall, 1940). 

It must be emphasized that practically all studies which relate 
cortical hypertrophy and atrophy to pituitary regulation have been 
done in the rat; the need for similar studies on other laboratory forms 
is urgent (Ingle, 1942). The use of inanition “per se’”’ as a type of 
stressing agent in adrenal studies, moreover, has been generally 
avoided despite the fact that some of the stress procedures employed 
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involve decreased food intake, a factor which in itself influences adre- 
nal morphology. No less important to the elucidation of pituitary- 
adrenocortical interaction is the problem of anterior lobe activation. 
The general inhibiting action of starvation on the gonadotrophic and 
thyrotrophic mechanisms, on the one hand, and the apparent augmen- 
tation of adrenotrophic activity, on the other, provide an interesting 
approach to the elusive problem of anterior pituitary response and 
the cyto-physiological changes characterizing it. Accordingly, an in- 
tensive study is being made of the effect of starvation on the struc- 
tural and functional interrelationships of the endocrine glands in the 
guinea pig. Some preliminary observations have already been pub- 
lished (D’Angelo, Gordon, and Charipper, 1941; 1948). The present 
work is concerned with one phase—the pituitary-adrenal relation- 
ship—of this general investigation. 


MATERIALS AND METHODS 


The immature female guinea pig was used as the experimental animal. 
The animals came to the laboratory at 225-250 gram body weight, were 
then placed on the standard laboratory ration of purina chow supplemented 
with large amounts of greens, and maintained at the usual laboratory tem- 
perature (70-80°F.). The body weight was recorded daily. The starvation 
experiments were begun when the body weight had attained approximately 
300 grams (range, 290-320 grams). Only animals which showed a constant 
weight gain were utilized either for control or starvation regimes. 

In the first series of experiments, the effects of acute inanition (no food 
given, but water “ad libitum’’) and chronic inanition (general underfeeding) 
were determined. For acute inanition, animals were starved from 2-9 days. 
Chronically starved animals were studied over 17-25 days during which each 
animal received 5-6 grams daily of a basal ration (modified Sherman diet, 
Stephens, 1940) supplemented with small amounts of greens. All guinea pigs 
on starvation diets were kept in individual metabolism chambers. Body 
weight loss, water intake, and urinary output were recorded daily. Animals 
were sacrificed by anesthesia and exsanguination at various intervals in the 
starvation period. The endocrine glands were then quickly removed, carefully 
trimmed, weighed on a torsion balance to the nearest milligram, and then 
placed in suitable fixatives for subsequent histological and cytological study. 

In the next set of experiments, the effect of starvation was tested on the 
hypophysectomized guinea pig. The operation was accomplished through 
the parapharyngeal approach and its completeness was subsequently checked 
by examination of the sella turcica.' Hypophysectomized guinea pigs were 
given small amounts of sweetened tomato juice and lettuce over a period 
of 1-9 days during which body weight loss occurred. Animals were sacrificed 
at 1, 2, 3, 8, and 9 days after hypophysectomy and their adrenal gland weight 
then compared to those in unoperated animals with comparable degrees of 
body weight loss. 

In other experiments, attempts were made to prevent the adrenal en- 
largement of starvation by the administration of large doses of cortical hor- 
mones. Guinea pigs which had been fed normally to approximately 300 
grams of body weight were divided into several groups and then subjected 
to complete starvation (water ad libitum) for 5-7 days, during which various 
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cortical substances were administered. Individuals of the first group received 
1.0-1.5 ec. daily injections of lipo-adrenal extract in oil (Upjohns’, 40 rat 
units per cc.) for 6 days. Members of a second group were given daily injec- 
tions of 15 mgm. of desoxycorticosterone acetate in saline suspension for 6 
days. To guinea pigs of another group were administered 2-15 cc. of aqueous 
cortical extract (Upjohns’, 2.5 rat units per cc.) daily for 4-6 days. A fourth 
group received saline control injections. All injections were administered 
subcutaneously, and at different sites. In all animals except those of the 
lipo-adrenal group, the injections were given at least twice daily. Animals 
were sacrificed in most cases on the 7th day of starvation, approximately 
18 hours after the last injection. 

The effect of cortical administration was also investigated in the nor- 
mally fed guinea pig. The plan of the experiment was similar to that just de- 
scribed. In this case, however, animals with an initial weight of approximately 
300 grams were kept on the normal diet while receiving subcutaneous injec- 
tions of either aqueous cortical extract (10 ce. daily, for 8 days), lipo-adrenal 
extract (1 cc. daily, for 10 days), or desoxycorticosterone acetate (15 mgm. 
daily for 6 days). Control animals were given corresponding amounts of 
saline. Animals were again sacrificed, as above, at the 18th hour after injec- 
tion. 


EXPERIMENTAL RESULTS 


A consideration of the data of table 1 indicates that the immature 
female guinea pig adequately fed to a body weight of approximately 
300 grams, then acutely or chronically starved, displays enlargement 
of the adrenal glands. It can be seen from the ratio of the adrenal 
gland weights to the initial body weight of the animal that the hyper- 
trophy of the gland is not merely relative to the decrease in body 
weight but represents an absolute increase in the size of the adrenal 
with starvation. The adrenal enlargement is roughly proportional to 
the degree of body weight loss, and will occur whether the body weight 
loss is achieved relatively rapidly as in acute starvation or more 
slowly as in the chronically underfed animal. There is a moderate 
amount of variation in the rate at which animals lose weight under 
apparently identical conditions of starvation, and still greater varia- 
tion in the adrenal weights in guinea pigs with the same degree of 
body weight loss. Less variability results, however, if the adrenal 
weights are compared in animals at the same level of body weight 
loss rather than in those starved for similar periods of time. 

The general trend of the adrenal enlargement with progressive 
body weight loss is shown in figure 1. Despite the limited number of 
animals presented with approximately 20% loss in body weight the 
trend of adrenal hypertrophy is apparent at this level.? The enlarge- 

2 It is, thus, apparent why the nutritional history of the animal prior to the experi- 
ment should be known. A guinea pig weighing 300 grams which has undergone, for 
example, an accidental weight loss of 60-70 grams will show adrenal weights not only 
proportionately high for the apparent initial body weight, but also may have super- 
imposed on it a certain amount of adrenal hypertrophy. Standard weight data relating 


the endocrine glands to body weight in the growing and mature guinea pig have been 
given by Deansley and Rowlands (1936) and Mixner, Bergman, and Turner (1943). 
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TABLE 1. EFFECT OF STARVATION ON THE BODY AND ADRENAL 
GLAND WEIGHTS IN THE IMMATURE GUINEA PIG 


No, |Mean body| Wt. yeas Adrenal wt. (mg.) 
Treatment | ani- (gm.) adrenal (2) |" 199 
mals tial Final cunt wt. (mg.) body wt. 
Normal Fed 20 313 — 133 +11* 42.2 8.7+41.7 
(85-167) (6-11) 


Mean 
pituitary 
wt. (mg.) 


Acute 
Starvation 317 : 160 +23 
(2-3 days) (110-200) 


Acute 
Starvation 196 +28 
(5-7 days) (151-241) 


Acute 
Starvation ; 220 +28 
(6-9 days) (190-269) 


Chronic 
Starvation ; 188 +52 
(17-25 days) (116-265) 


Hypophy- 
Starved 
1 day 299 260 | 13.0 145 +18 
(127-163) 


2-3 days 307 234 | 23.7 | 137412 
(118-148) 


8-9 days 306 213 | 30.4 86+8 
(76-98) 


* Mean Adrenal Wt. +average deviation, and in parentheses, the range. 


ment of the adrenals is well established at about 30% body weight 
loss in either acutely or chronically starved animals, and at ap- 
proximately 40% body weight loss the majority of animals in this 
category will possess adrenal gland weights exceeding those in the 
highest range of normal. 

That the adrenal gland hypertrophy i in starvation depends either 
directly or indirectly on the presence of the hypophysis is attested 
to by the failure of hypertrophy to occur in the hypophysectomized 
guinea pig. Although it is rather difficult to carry hypophysectomized 
guinea pigs through a starvation regime of any severity, it was found 
that the adrenal enlargement expected of starved animals with ap- 
proximately 30% body weight loss did not occur (table 1, figure 1). 
In fact, the adrenal glands of animals which had been hypophysec- 
tomized for 8-9 days were undergoing atrophy as indicated by the 
low ratio of adrenal to initial body weight. The degree of atrophy en- 
countered was of the same order of magnitude previously described 
in the mature male guinea pig after long term hypophysectomy 
(Schweizer, Charipper and Kleinberg, 1940). 
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(6-10) 

(5-8) 

48.5 

44.6 
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Histological examination of the hypertrophied adrenals in starved 
animals reveals the enlargement to be the result of an actual increase 
in cortical mass, and does not involve the medulla. The hypertrophy 
of the cortex, however, is largely confined to the zona fasiculata, with 
some contribution by the zona reticularis. In both these zones the 
cells are swollen and show much vacuolation. Many of the nuclei 
are dense and hyperchromatic particularly in the reticularis portion. 
Mitoses are found, usually in the outer portion of the fasiculate zone. 
The reticular cords tend to separate, and here as well as in the fasicu- 
late region, there is much hyperemia. Many heavily pigmented 
cells appear. In marked contrast to the hypertrophy of the inner 
cortical zones is the atrophy of the zona glomerulosa. The spheri- 
cal cluster-like arrangement of cells which normally characterizes 
this region is replaced in the starved animal by a narrow, shrunken, 


ABSOLUTE HYPERTROPHY OF THE ADRENAL GLAND AS RELATED 
TO-BODY WT. LOSS IN THE STARVED GUINEA PIG 
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darkly staining band of cells with scanty cytoplasm and pycnotic, 
densely staining nuclei. In advanced starvation, it becomes difficult 
to differentiate the cells of the glomerulosa from the outer capsule, 
and the hypertrophied cells in the fasiculate zone appear to radiate 
directly to the capsular region. In general, the structural changes 
in the medullary region are not as marked as those in the cortex. 
There is sinusoidal distension in the juxta-medullary region. The 
cells of the medulla appear to undergo a decrease in size. 


TaBLe 2. EFFECT OF CORTICAL SUBSTANCES ON TNE PITUITARY AND ADRENAL 
GLAND WEIGHTS IN THE ACUTELY STARVED GUINEA PIG 


Mean | Per Adrenal wt. a 
No. of initial | cent Mean 
Treatment ani- Po aa body | body adrenal ((mg.) 100 gm. P t y 
mals wt. wt. | wt. (mg.) initial Prat ) 
(gm.) | loss body wt. 8: 
Saline 6 7 304 | 35.9 | 2354251 77.3 7.0 
(207-292) (5-8) 
Aqueous 
Cortical 
Extract 
2 cc. daily 2 7 298 | 33.9 | 222+18 74.5 7.0 
6 days (204-239) (6-8) 
5 ce. daily 2 7 314 | 37.6 | 244484 77.7 7.0 
6 days (204-239) (6-8) 
10 ce. daily 3 7 308 | 33.4 | 172415 55.9 6.7 
6 days (153-195) (6-7) 
15 ce. daily 2 4* 305 | 23.6) 160+20 54.5 5.5 
4 days (140-180) (5-6) 
Lipo-Adrenal 
Extract 
1.0-1.5 ce. 3 7 308 | 38.7 | 255+7 82.8 7.0 
daily, 6 days (245-260) (5-8) 
DOCA 
15 mg. daily 3 7 318 | 32.4 | 245+67 76.7 7.0 
in saline (178-312) (6-8) 
6 days 


* Both animals found dead on 5th day of starvation. 
1 Refers to Mean Adrenal (2) Wt.+average deviation, and, in parentheses, the 


range. 

The mean pituitary weight was found to decrease in acute inani- 
tion (table 1). The diminution in weight of the pituitary with starva- 
tion was not as great as the body weight loss, nor did it appear to 
correlate well with the hypertrophy of the adrenals. The cytological 
structure of the gland, however, was greatly altered in starvation. 
The acidophiles lost their granulation, decreased in size, and became 
less numerous. There was an apparent increase in the numbers of 
chromophobes and basophiles, and both of these cell types underwent 
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enlargement. The basophiles were especially well developed, and were 
present in various stages of degranulation and vacuolation. Osmi- 
cated preparations indicated that the hypertrophied basophiles pos- 
sessed extremely large, arboreal types of Golgi apparatus. In many 
degranulated basophiles the mitochondrial content was abundant. In 
contrast, the Golgi apparatus of the acidophiles was always relatively 
small and compact. The cytological changes just described were pro- 
gressive and were accompanied also by degenerative changes as star- 
vation became advanced. In the late stages of inanition, the glands 
were hyperemic and many of the nuclei were pycnotic and hyper- 
chromatic. The sinusoids were distended and contained many hemal 
elements embedded in a densely basophilic staining coagulum. The 
specific staining reaction was eventually lost in some starved glands 
and chromophilic cells were differentiated only with difficulty. 

Analysis of the data presented in table 2 indicates that none of 
the cortical substances administered to the acutely starved guinea 
pig was able to induce cortical atrophy or prevent appreciably the 
characteristic hypertrophy of starvation. In all cases, it may be seen 
that there is a significant increase in the adrenal-initial body weight 
ratio over that in the fed animal. A comparison of the adrenal re- 
sponse in the lipo-adrenal, desoxycorticosterone and aqueous cortical 
treated groups, as well as in saline animals, shows the adrenal enlarge- 
ment to be of the same order of magnitude for comparable degrees of 
body weight loss. Interpretation of the adrenal response in the aque- 
ous cortical group, however, was complicated by the fact that the 
high doses were not well tolerated. Guinea pigs receiving the 15 cc. 
daily injections survived only 4 days of starvation so that the efficacy 
of such large doses in depressing the adrenal weight could not be truly 
ascertained. It appears significant, nevertheless, that the degree of 
adrenal hypertrophy found in this group was approximately equal 
to that found in starved untreated animals at a comparable degree 
of body weight loss (table 1). The 10 cc. daily dose of aqueous cortical 
extract was better tolerated, and in this group some tendency for 
lower adrenal weights was evident. Essentially, however, all of the 
cortical materials were largely ineffective in preventing the adrenal 
hypertrophy, and it appears that the relative differences in degree of 
adrenal enlargement which were found are better explained as dif- 
ferences in response to the added stress of general experimental treat- 
ment rather than to any specific effect of the cortical substances “per 
se.”’ There was no significant change in the pituitary weight of starved 
animals receiving cortical treatment, nor any appreciable change in 
the progress of the body weight loss. 


That the slight tendency for adrenal depression in the starved ani- 


mal with aqueous cortical extract may be real rather than apparent 
is supported by the fact that, of the various cortical principles tested, 
only the aqueous extract was able to depress significantly the adrenal 
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TABLE 3. EFFECT OF CORTICAL SUBSTANCES ON THE ADRENAL WEIGHT 
IN THE NORMALLY FED GUINEA PIG 


Mean body 


wt. (gm.) Mean adrenal 


Treatment wt. (mg.) 


Initial Final 


Saline 


2-10 ce. daily ' 163 +22* 
6-10 days (128-205) 


Aqueous Cortical Extract 


10 cc. daily, 122 +16 
8 days (98-138) 


Lipo-Adrenal Extract 


1 cc. daily, 164+14 
10 days (150-185) 


DOCA 


15 mg. daily in saline, 310 317 169 +11 53.5 
6 days (153-182) 


* Refers to Mean Adrenal Weight taverage deviation, and, in parentheses, the 
range. 


weights in the normally fed animal (table 3). All three of the animals 
receiving the 10 cc. daily doses of aqueous cortical extract possessed 
adrenals whose weights were appreciably below the average of those 
in the saline control group. In contrast, the lipo-adrenal and desoxy- 
corticosterone-treated fed animals showed adrenal weights which 
were essentially the same as those of the control group. Although the 
number of animals tested is small, statistical evaluation of the results 
with the aqueous cortical extract indicates that the chances for these 
adrenal weights to be obtained by random selection of animals in the 
general population is approximately 1 out of 500. It seems significant 
also that the adrenal weights in these cortical treated animals aver- 
aged below those found in normally fed untreated animals at the same 
initial body weight. 
DISCUSSION 


Many accounts in the literature of malnutrition emphasize the 
ease with which morphologic changes are effected in the adrenal gland 
in various types of dietary insufficiency. Interpretation of these 
changes is often difficult since differences in the degree of inanition, 
as well as certain vitamin deficiencies, markedly influence the re- 
sponse of the adrenals. Thus, complete inanition generally results in 
adrenal hypertrophy, whereas, chronic underfeeding, at least in the 
rat, may cause adrenal atrophy (Mulinos and Pomeranz, 1940, 1941; 
Mulinos, Pomeranz, Lojkin, 1942, and Cameron and Carmichael, 
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1946). The results of the present experiments on the immature guinea 
pig indicate that the characteristic response of the adrenal to starva- 
tion is hypertrophy and that this occurs whether the inanition be 
acute or chronic. This apparent discrepancy between rat and guinea 
pig may well reflect fundamental differences in the vitamin require- 
ments of these rodents. The guinea pig is highly susceptible to vitamin 
C deficiency, and this lack has been reported by many to cause ad- 
renal enlargement (Lockwood and Hartman, 1933; Quick, 1933, 
Svirbely, 1935; Murray and Morgan, 1946). The rat, in contrast, is 
notoriously resistant to lack of vitamin C, and adrenal hypertrophy, 
as well as cytochemical changes, is associated more with deficiency 
of various constituents of the Vitamin B group (Deane and Shaw, 
1947). No apparent scorbutic changes were present in any of the 
starved guinea pigs in these experiments; the possibility must never- 
theless be allowed that chronic underfeeding may result in a degree 
of vitamin C deficiency which, however slight, may contribute to 
adrenal hypertrophy. 

The hypertrophic changes in the adrenals of starved guinea pigs 
involve the cortex and not the medulla. Not all of the cortical zones, 
however, participate in the hypertrophy. The cortical enlargement is 
contributed to primarily by the fasiculate zone and, to a lesser de- 
gree, the reticularis, whereas the zona glomerulosa is characteristi- 
cally atrophic. The hypertrophy of the inner zones represents a true 
increase in cortical mass. The solid content of these enlarged adrenals 
is significantly increased over normal (unpublished Experiments). 
These structural changes occur in either the acutely or chronically 
starved guinea pig, and confirm, in the main, Kojima’s (1929) de- 
scription of the adrenals in complete starvation. The marked atrophy 
of the glomerulosa, as contrasted with hypertrophy of the inner corti- 
cal zones, lends some support to the contention of Swann (1940), 
Greep and Deane (1946), that the glomerulosa, unlike the fasiculate 
zone, is autonomous and not under pituitary regulation. 

It is now clear from recent inanition studies that proper interpre- 
tation of endocrine changes in malnourished animals must consider 
not only direct effects of starvation on glandular tissues, but also 
secondary effects in those glands whose structural integrity normally 
depends on trophic stimulation from the anterior pituitary. The 
atrophic changes occurring in the reproductive system of starved 
animals are similar to those in hypophysectomy, are associated with 
decreased gonadotrophic potency of the pituitary, and are readily 
repaired in the starved animal by pituitary material (Mason and 
Wolfe, 1930; Moore and Samuels, 1931; Seyle and Collip, 1936; 
Werner, 1939; Mulinos and Pomeranz, 1940). The morphologic 
changes which appear in the starved thyroid are also of a regressive 
nature, and in both mammal and amphibian are referable to primary 
alterations in the anterior pituitary (Stephens, 1940; D’Angelo, Gor- 
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don, and Charipper, 1942). In view of the large body of evidence 
which demonstrates cortical hypertrophy as being under pituitary 
regulation, it seems likely ihat in starvation there is suppression of 
gonadotrophic and thyrotrophic function and augmentation of the 
adrenotrophic activity in the hypophysis. The present experiments 
support this interpretation. Cortical hypertrophy fails to occur in the 
starved hypophysectomized guinea pig, and the cortices eventually 
become atrophic. The cytological features of the starved pituitary, 
moreover, are such as to indicate that some of the basophilic cells 
are in high secretory activity as shown by their enlargement, degranu- 
lation, mitochondrial content, and hypertrophied Golgi apparatuses. 
This heightened secretory activity is occurring at a time when the 
gonadal system is in the atrophic state, and the thyroid gland in the 
resting or inactive condition. These considerations seem to indicate 
rather strongly that, in starvation, there is a shift in the quality of 
the hormone production so that secretion of adrenotrophin is aug- 
mented at the expense of, or in lieu of, other trophic factors. Confirma- 
tion of this hypothesis, of course, awaits experiments which rule out 
any “hypersensitivity” of the cortex to normal amounts of circulating 
adrenotrophin, and which will demonstrate the presence of increased 
amounts of adrenotrophin in both the pituitary and circulating fluids 
of starved animals. 

There is much reason to believe that in the normal animal atrophy 
of the adrenal cortex, like hypertrophy, reflects some change in the 
level of adrenotrophic activity in the hypophysis. Ingle and Kendall 
(1937) first demonstrated that overdosage of rats with cortical hor- 
mone induced atrophy of the cortex; a response which could be pre- 
vented by the simultaneous administration of adrenotrophic hormone. 
The cortical regression in the rat has since been confirmed by others 
using either cortical extracts or crystalline steroids. All cortical sub- 
stances are not equally efficacious in producing the atrophy. Although 
cortical extracts are effective (Mackay and Mackay, 1938; Ingle, 
Higgins, and Kendall, 1938; Ingle 1939), those cortical steroids re- 
lated to carbohydrate metabolism appear to be especially potent 
(Wells and Kendall, 1940). Desoxycorticosterone can also induce cor- 
tical atrophy provided doses are sufficiently high and treatment pro- 
longed (Selye, 1940; Selye and Dosne, 1942; Carnes et al., 1941, Albert 
and Selye, 1942, Sarason, 1943, and Castillo and Rapela, 1945), and 
progesterone has also been reported to have some effect (Clausen, 
1940). More recently, Sayers and Sayers (1947) have shown the same 
order of effectiveness of cortical steroids in preventing the depletion 
of vitamin C in the rat cortex which ordinarily follows either adreno- 
trophin administration or the imposition of some stress. All of these 
results support the generally held thesis that a reciprocal regulatory 
action exists between the anterior pituitary and adrenal cortex, and 
that cortical enlargement and regression are the result of augmenta- 
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tion and suppression respectively, of the adrenotrophin mechanism. 
It must be pointed out that all of these experiments have been done 
on the rat. The present work indicates that this concept of reciprocal 
regulatory action between pituitary and adrenal cortex also applies 
to the guinea pig. In both forms, hypophysectomy prevents adrenal 
hypertrophy, and, in both, cortical administration to the normal ani- 
mal depresses the adrenal cortex. We are at a loss, however, to explain 
the failure of the lipo-adrenal extract to depress the adrenals as did 
the aqueous cortical extract. The former is allegedly high in potency 
for those hormones which affect carbohydrate metabolism and resist- 
ance to stress (corticosterone, 11-dehydro-17-hydroxycorticosterone) 
and which are known to induce cortical atrophy.’ The amounts of 
hormone given approximate those which were effective in the rat 
(Ingle, Higgins, and Kendall, 1938; Wells and Kendall, 1940). The 
production of cortical atrophy may require more hormone in the 
guinea pig than in the rat, but this will hardly explain why the aque- 
ous cortical extract was effective in dosages as low as those success- 
fully employed in the rat. 

Although the present work provides strong evidence for the in- 
volvement of the anterior pituitary in the adrenal hypertrophy of 
starvation, we were unable to demonstrate unequivocally that corti- 
cal administration can block adrenal enlargement in the starving 
animal. Cortical substances were largely ineffective in this regard. 
There did seem some tendency for the aqueous cortical extract in the 
10 cc. daily dose to depress the adrenal weights in starvation. Unfor- 
tunately, high doses of aqueous cortical extract were not well tolerated. 
Possibly some route of administration, other than subcutaneous, may 
prove efficacious; however, the decreased water ingestion in starva- 
tion appears to obviate the oral route successfully employed by Ingle, 
Higgins and Kendall (1938). The only effective procedure in producing 
cortical atrophy was hypophysectomy. The relatively short time 
taken for the adrenals to regress in the hypophysectomized animal 
would seem to indicate that the experimental period was sufficiently 
long for some regression to have occurred had the cortical substances 
been able to effect “functional hypophysectomy” in the intact animal. 

The stress of starvation certainly would be expected to increase 
cortical hormone utilization, and the possibility remains that in this 
type of stress much greater amounts of cortical hormone are needed 
to prevent cortical hypertrophy than are necessary for the fed animal. 
Albert and Selye (1942) were able to prevent and actually reverse 
the adrenal hypertrophy caused by estradiol administration with 
amounts of desoxycorticosterone not greatly in excess of those pre- 
viously used to effect cortical atrophy in normal rats. Many metabolic 
upsets occur in the starving animal among which the negative nitro- 


3 We have since tested the lipo-adrenal extract in the normal female rat. Daily 0.5 
cc. injections, given for 8 successive days failed to produce cortical atrophy. 
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gen balance must certainly be an important one. Tepperman, Engel, 
and Long (1943b) have suggested that changes in the rate of protein 
catabolism serve as the stimulus for adrenal hypertrophy. If this is so, 
restoration of a balanced nitrogen economy may be the only factor 
which can completely prevent the adrenal enlargement of starvation. 


SUMMARY AND CONCLUSIONS 


Studies have been made on the female guinea pig to investigate 
the morphologic responses of the adrenal and pituitary glands, and 
the pituitary-adrenocortical interrelationship in starvation. En- 
largement of the adrenals is a characteristic response of the guinea 
pig to deprivation of food and occurs either in acute or chronic star- 
vation. The increase in adrenal size is both relative and absolute and 
is roughly proportional to the degree of body weight loss and the dura- 
tion of the inanition. The adrenal hypertrophy involves the inner 
cortical zones, primarily the fasiculate and to a lesser extent the reti- 
cularis zones. There is atrophy of the zona glomerulosa in either acute 
or chronic starvation. 

The weight of the pituitary gland decreases with starvation. The 
diminution is not marked, however, and appears to reflect the general 
loss in body weight. The microscopic structure of the pituitary is 
greatly altered in starvation. There is a progressive loss of acidophilia, 
and an increase in the numbers of basophiles and chromophobes. The 
basophiles reveal cytological manifestations of high secretory activity 
(cell hypertrophy, degranulation, abundant mitochondrial content, 
and hypertrophy of the Golgi apparatuses). In advanced starvation 
the pituitary glands lose their specific staining reaction and degenera- 
tive changes in nucleus and cytoplasm are marked. 

The cortical hypertrophy of inanition does not occur in the ab- 
sence of the hypophysis. The administration of aqueous cortical ex- 
tract in high doses significantly depresses the adrenal weight in the 
normally fed guinea pig, but does not effectively prevent cortical hy- 
pertrophy in starvation. The pituitary weight and progress of the 
body weight loss in the starved animal is not appreciably altered with 
cortical treatment. 

These results are interpreted to mean that the cortical hyper- 
trophy in the starving guinea pig results from augmentation of adre- 
notrophin secretion by the basophiles of the anterior pituitary. The 
ineffectivenesss of cortical hormones in preventing the adrenal hy- 
pertrophy suggests the catabolic reactions in starvation to be such 
that adrenotrophic secretion either cannot be appreciably inhibited, 
or that much greater amounts of cortical hormone than those effec- 
tive in the fed animal are necessary. 
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THE EXTRA-RENAL ACTION OF DESOXYCOR- 
TICOSTERONE: SURVIVAL AND WATER 
INTOXICATION STUDIES! 


JAMES H. BIRNIE, W. J. EVERSOLE anp ROBERT GAUNT 
From the Department of Zoology, Syracuse University 
SYRACUSE, NEW YORK 


THE EXPERIMENTS reported here were undertaken with two as- 
pects of the problem of the extra-renal effects of desoxycorticosterone 
acetate (DCA) in mind; first, the general one of whether the substance 
has important actions other than those mediated through the kidney, 
since there has been disagreement on the point; secondly, an attempt 
was made to test directly previous suggestions that the protective ac- 
tion of DCA in water intoxication is due in part to factors other than 
the stimulation of diuresis, i.e., to extra-renal influences. 

It is now well established that the 11-oxygenated adrenal steroids 
have important sites of action in organs other than the kidney. Most 
of the well-known actions of DCA, however, are on the kidney 
(Swingle & Remington, 1944). Selye (1940) and Selye and Nielsen 
(1941) on the other hand, claimed that DCA shows life-extending as 
well as other effects in nephrectomized rats and mice. This conclusion 
was criticized by Winkler, Smith and Hoff (1942) on the basis of the 
fact that Selye had begun treatment before nephrectomy. Winkler 
and collaborators felt, as a result of their work on dogs, that the pre- 
treatment had lowered potassium stores before operation and in that 
way accounted for a greater survival after nephrectomy. Such find- 
ings are in keeping with the results of Durlacher and Darrow (1942) 
and Bondy and Engel (1947) who prolonged survival of their nephrec- 
tomized rats by dietary depletion of potassium prior to operation. 

In regard to water intoxication Swingle, Remington, Hays and 
Collins (1941) first stated that there was a “sensitivity to hydration”’ 
in adrenalectomized animals, in addition to a deficient diuresis, ac- 
counting for their susceptibility to the toxic effects of excess water. 
Their results imply that both deficiencies were relieved by DCA. This 
idea has been elaborated and supported by others, e.g., Liling and 
Gaunt (1945), and Hays and Mathieson (1945). None of these workers 
however, have demonstrated an effect of DCA on such phenomena 
under conditions where the possibility of renal contribution to the 
results was completely excluded. 


Received for publication March 15, 1948. 
1 This work was aided by grants from the Ciba Pharmaceutical Products Inc. and 
the John and Mary R. Markle Foundation. 
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Therefore, the effects of DCA on the survival of adrenalectomized- 
nephrectomized rats, and on the response of such animals to excess 
water were studied; in most of the experiments no hormone was given 
until after nephrectomy so that the potential complications of pre- 
treatment as emphasized by Winkler and associates were eliminated. 

Part of this work has been presented in abstract form (Birnie et 
al., 1947 and 1948). 

METHODS 


In the simple survival experiments the right kidney and adrenal were . 
removed at one operation and these same organs removed on the left side 
approximately one week later. Therapies were begun immediately after the 
second operation. A similar two-stage operation was used when the kidneys 
only were extirpated. . 

In water intoxication tests, four or five doses of water, warmed to body 
temperature, were administered by stomach tube at hourly intervals. Each 
dose was calculated to equal 4 cc. per 100 sq. em. of body surface, and for a 
rat weighing 185 gms. was 12 cc. Water administration was started two 
hours after the second kidney was removed. Food (Purina laboratory chow) 
and water were allowed until the time of the second nephrectomy. 

In Series A both adrenals and the right kidney were removed at one 
operation and the animals were maintained on 0.5 mg. of DCA in oil per day 
for 5 to 6 days. Hormone treatment was then withdrawn and 24 to 36 hours 
later the second kidney was excised and water tests made. 

In Series B the right kidney and adrenal were removed at one operation 
and the left kindey and adrenal after an interval of 5 or 6 days. Treatment 
was started immediately after the second operation and two hours prior 
to the water tests. In this way possible complications due to pre-treatment 
with DCA were eliminated. 

In both Series A and B the animals were divided into two groups matched 
according to weight for the water tests. Half received 2 mg. of DCA sub- 
cutaneously plus 1 mg. intramuscularly just after the second kidney was 
removed and an additional 2 mg. intramuscularly at the time the first dose 
of water was administered, making a total dose of 5 mg. of DCA. The other 
half served as controls and received injections of the peanut oil vehicle in a 
similar manner. 

In Series C the animals were treated similarly to those of Series B except 
that they were fasted 18 hours prior to the water test and were quickly anes- 
thetized with Nembutal one hour after either the third or fourth dose of 
water in order to make measurements of water absorption and certain blood 
constituents. 

Blood determinations were made on heparinized samples taken directly 
from the heart immediately after the induction of anesthesia. Methods were 
as follows: plasma chloride, Peters and Van Slyke (1932); plasma protein, 
Barbor and Hamilton (1926); hemoglobin, acid hematin read in a photo- 
electric colorimeter; hematocrit, in triplicate capillary tubes using an air 
driven centrifuge, Parpart and Ballantine (1943); water absorption, Heller 
and Smirk (1932); rectal temperatures were measured with a thermocouple 
and potentiometer. 

In Series D animals were prepared as in Series B except that only the 
kidney and not the adrenals were removed. Part of these were treated with 
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DCA as in Series B, and part received aqueous adrenal cortical extract? 
as follows: in each of 4 doses of water given, 1.5 cc. of extract was substituted 
for 1.5 cc. of water, thus keeping constant the total volume of fluid given. In 
previous unpublished experiments it had been found that the effectiveness 
of cortical extract in protecting against water intoxication was maximal when 
administered in this manner. Controls received similar amounts of normal 
saline solution in water, since the cortical extract was made up in normal 
saline. 


RESULTS 


Survival studies (Table 1). Adrenalectomized-nephrectomized rats 
treated with 3 mg. DCA per day, beginning immediately after oper- 
ation, survived an average of 51 hours. Controls given 0.5 ce of peanut 
oil (solvent used for DCA) survived an average of 30 hours. Untreated 
rats from which the kidneys but not the adrenals were removed lived 
for an average period of 29 hours. 


TABLE 1. EFFECT OF DCA ON THE SURVIVAL OF ADRENALECTOMIZED- 
NEPHRECTOMIZED RATS 


Survival in hours 


Mean Range 


Number 
of 


Average 
weight 


animals 


Adrenalectomized-nephrectomized 
DCA treated 9 131 51 +6.6 28-102 


Adrenalectomized-nephrectomized 
controls 10 128 30 +2.6 18— 42 


Nephrectomized, adrenals intact 20 128 29 +0.8 24— 36 


Thus it is seen that DCA exerts not only an extra-renal life-extend- 
ing action, but is more effective in this regard than are the animals’ 
own adrenals. 

Relation of body weight to survival after nephrectomy (Figure 1). 
There are wide discrepancies among reports in the literature as to the 
survival time of rats after nephrectomy (Ingle and Kendall, 1936; 
MacKay, Bergman and MacKay, 1937; Hartman and Dubach 1940; 
Durlacher and Darrow, 1942). Although the weights of animals used 
by different investigators were not always reported, it is probable that 
different weights were used. We studied therefore the relation of body 
weight to survival in animals that were nephrectomized in the usual 
two-stage operation. It is apparent from Figure 1 that survival after 
nephrectomy increases markedly with increasing body size. This is 
the probable basis of the various findings previously recorded. 

Water intoxication studies (Series A and B: Table 2, Figure 2). The 
protective action of DCA against the effects of excess water in the 
nephrectomized animals was striking. Series A and B responded alike 
and are considered together. Only 3 of the 21 oil-treated controls re- 

2 We are indebted to Dr. Dwight J. Ingle of the Upjohn Company for the corticat 


extract. The alcohol used as a preservative in the Upjohn preparation was removed 
before the extract was used. 
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100 150 250 300 340 
WEIGHT IN GRAMS 
Fig. 1. Showing the relation of body weight to survival period in untreated nephrec- 


tomized rats. Each dot represents an individual animal. It is seen that large animals 
survive much longer than small ones. 


ceiving water survived longer than 5 hours from the time the first dose 
of water was given, whereas 20 of the 24 DCA-treated animals sur- 
vived more than 5 hours. Survival in the latter group ranged up to 18 
hours, but since the exact time of death was not observed in all cases, 
those living more than 5 hours are grouped together in Figure 2. 

The secondary signs of water intoxication, such as collapse, con- 
vulsions and tonelessness, but with the exception of body tempera- 
ture changes noted below, appeared earlier and more uniformly in 
the oil-treated animals than in the DCA-treated cases. The convul- 
sions of the oil-treated animals, although occurring early and fre- 
quently, were of the mild sort characteristic of adrenalectomized 
animals (Gaunt, 1944), while the less frequent ones of the DCA- 
treated animals were of the more violent type characterizing the water 
intoxication in intact animals. 

Preliminary experiments indicated that this protective action 
could not be consistently demonstrated when a bilateral adrenalec- 
tomy-nephrectomy was performed at one sitting; the results were 
dependent upon a two-stage operation. 

The body temperature changes constituted an unexpected excep- 
tion to the rule that the usual criteria of water intoxication were pre- 
vented by DCA. Rowntree (1926) first pointed out that a loss of body 
temperature was characteristic of water intoxication when he de- 
scribed the syndrome. The usefulness of temperature readings as an 
index of the extent and degree of toxic hydration has been pointed 
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Fig. 2. Showing effect of DCA on survival of adrenalectomized-nephrectomized 
rats forced into water intoxication. Standard doses of water were given at 0, 1, 2, 3, and 
4 hours. The protective action of DCA was striking. 


out (e.g., Gaunt, 1944). In the present experiments, however, despite 
the maintenance of obviously better conditions and longer survival in 
DCA-treated cases, the temperatures of treated and control animals 
both fell in a marked and identical manner. This finding must have 
been associated in some way with the fact that animals used here were 
nephrectomized, which was not the case in earlier reports, but no 
further explanation is available. 

Water absorption (Series C: Table 3). The greater well-being of 
DCA-treated animals could not be correlated with any marked dif- 
ferences in the rate of water absorption between them and controls. 
When measured one hour after either the third or fourth dose of 
water, the amounts of water in the stomachs of the two groups were 
essentially identical. The DCA-treated cases had absorbed slightly 
more water than controls from the intestine, but is doubtful if the 
differences were of much physiological significance. 

Blood changes (Series C: Table 3). Blood chloride levels were re- 
duced markedly, as expected in water intoxication, and equally so in 
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TABLE 2. ADRENALECTOMIZED-NEPHRECTOMIZED ANIMALS GIVEN WATER 


animals 3 hrs. 5 hrs. 5 hrs. 

DCA 6 94.2 88.2 1 

. Control 5 95.0 89.0 4 

DCA 6 92.1 — 1 

Control 4 91.3 _ 4 

DCA 6 92.0 85.7 0 

’ Control 6 91.2 87.5 5 

DCA 6 91.4 87.1 2 

- Control 6 90.9 84.2 5 
Nephrectomized animals with adrenals intact given water 

DCA 5 92.4 87.2 3 

. Control 6 92.6 87.2 3 

Cortical extract* 6 96.4 93.3 1 

Control* 6 95.5 92.2 0 


* The greater resistance to excess water in these cases compared with animals 
given DCA shown immediately above is presumably due to the fact that they received 
some salt (see Methods—Series D). After the initial 5 hour period death was actually 
more rapid in animals treated with cortical extract than in their controls, but cases 
were not sufficient to establish this as a significant difference. 


TaBLeE 3. ADRENALECTOMIZED-NEPHRECTOMIZED ANIMALS GIVEN WATER. SERIES C 


Water contained in:*|  proma- 
globin Plasma Plasma 
Treatment Stomach | Intestine | gm./100 tocrit protein —s 
ec./100 | ec./100 ce. 7% m.eq./ 
gms. gms. 
DCA 4.7 1.9 13.5 -- 5.3 79.9 
3 doses H.O (5) (5) (5) (5) (5) 
Controls 5.4 3.3 17.3 —_— 5.7 81.1 
3 doses HO (5) (5) (5) (5) (4) 
DCA 6.3 §.1 48.6 4.5 78.0 
4 doses H.0 (5) (5) (5) (5) (5) (5) 
Controls 6.4 6.8 15.9 59.8 5.3 78.0 
4 doses H.O (5) (5) (5) (5) (2) 
Controls 0 0 15.2 §1.5 6.2 102.1 
No HO (13) (13) (4) (2) (4) (4) 


* Figures on the amount of water contained in stomachs and intestines represents 
the increase in weight of these organs over that of 13 nephrectomized animals, simi- 
aa Ft but which did not receive water. 

umbers in parentheses indicate numbers of animals used. 
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all groups. Plasma protein levels were reduced somewhat on the aver- 
age, but as in earlier studies (Gaunt, 1944) the individual results were 
erratic. A rise in hematocrit and hemoglobin levels occurred in the 
controls, again as expected from previous work, but this was entirely 
prevented or even reversed by DCA treatment. 

Water intoxication in animals nephrectomized only (Series D: Table 
2). Since it was clear that DCA protected adrenalectomized-nephrec- 
tomized rats from water intoxication, it became of interest to see if 
the same effects could be demonstrated in animals from which the 
kidneys but not the adrenals were removed. It is to be remembered 
that DCA will protect intact animals against excess water (Gaunt, 
1943). As seen in Table 2, clearly negative results were obtained; DCA 
exerted no detectable beneficial effects after nephrectomy. 

Since adrenal cortical extract is more effective in preventing water 
intoxication in intact animals than DCA, it was tried in nephrecto- 
mized animals. The doses of cortical extract used were known to be 
effective diuretic stimulants in animals with functional kidneys. Like 
DCA, however, it had no protective action whatever against water 
intoxication in nephrectomized rats. 

Extra amounts of cortical hormones, therefore, do not add to the 
action of the animal’s own adrenals in providing resistance to excess 
water after nephrectomy. It follows then that the marked effect of 
these hormones in intact animals as previously reported is due pri- 
marily to the fact that they stimulate diuresis. In adrenalectomized 
animals, an extrarenal action can be demonstrated as well. 


DISCUSSION 


The results indicate that DCA extends the life-span of adrenalec- 
tomized animals longer than will the presence of the animals own ad- 
renals after nephrectomy alone. This is a somewhat anomalous obser- 
vation in view of the fact that most of the well-known actions of DCA 
are on the kidney. Its explanation, however, probably lies in the work 
of Bondy and Engel (1947) who pointed out that by stimulating 
protein catabolism the natural adrenal secretions may cause in ne- 
phrectomized animals a deleterious accumulation of protein metabo- 
lites. This protective action of DCA can be demonstrated without pre- 
treatment with the hormone or preoperative dietary manipulation 
such as have been used by other workers in related experiments (Selye, 
1940; Selye and Nielsen, 1941; Bondy and Engel, 1947). The demon- 
stration of this extra-renal action of DCA in extending life apparently 
depends upon the technique used; in our hands it was not seen after 
bilateral nephrectomy and adrenalectomy at one sitting but only after 
a two-stage operation. The discrepancy betweeen thse results and 
those of Ingle and Kendall (1936) possibly were due to either the 
operative technique (they used single-stage operations) or differences 
in the size of animals employed. (See Figure 1.) 
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The results show clearly that the protective action of DCA against 
the well-known susceptibility of adrenalectomized animals to excess 
water (Eversole, Gaunt and Kendall, 1942) is not due entirely to the 
fact that the hormone facilitates diuresis. Rather, it provides resist- 
ance against the toxic action of water as such. Our findings would be 
consistent with the hypothesis of Hays and Mathieson (1945) that the 
major action of DCA in this regard is extra-renal. 

The mechanism by which DCA counteracts the deleterious effects 
of hydration is, like the mechanism of water intoxication itself, ob- 
scure. One clear effect of DCA was to prevent the rise in hemoglobin 
and hematocrit levels usually seen in water intoxication, especially 
in adrenalectomized animals. One could postulate in general terms 
from this fact that DCA maintains in some way a more favorable dis- 
tribution of excess water than occurs in its absence; in terms of current 
theory (Peters, 1944), this presumably would mean that it helps pre- 
vent cellular hydration. 

The interpretation, however, of a hematocrit rise and a plasma 
protein fall in the presence of excess water is difficult, especially since 
conditions are such that dye. measurements of fluid compartments 
may be unreliable (cf. Overman, 1946). The problem has been dis- 
cussed elsewhere (Gaunt, 1944 and 1946; Shipley, 1945). 

The observation that the administration of neither DCA nor ad- 
renal cortical extract had any beneficial effect on water intoxication in 
nephrectomized animals, in contrast to the helpful action of DCA in 
adrenalectomized-nephrectomized rats, is not necessarily an anoma- 
lous discrepancy. Water intoxication no doubt stimulates adrenal 
function like any other stress and animals with intact adrenals have 
a high endogenous output of cortical hormone. Thus the endogenous 
output is perhaps sufficient to do all that any amount of adrenal 
steroids can do in making the most advantageous internal distribu- 
tion of excess water. It follows then that the beneficial effects of cor- 
tical hormone in protecting normal animals against water intoxication 
as previously reported (Gaunt, 1943) is primarily due to a stimulation 
of the diuretic rate. In adrenalectomized animals extra-renal factors 
are involved as well. 

SUMMARY 


In untreated nephrectomized rats the survival period was related 
to body weight; large animals lived longer than small ones. 

Treatment with desoxycorticosterone acetate (DCA) extended 
the life-span of adrenalectomized-nephrectomized rats even when 
treatment was started after nephrectomy. Animals given this treat- 
ment lived longer than did those from which the kidney but not the 
adrenals were removed. 

A protective action of DCA against water intoxication was dem- 
onstrated in adrenalectomized rats, but neither DCA nor adrenal 
cortical extract increased resistance to excess water in animals from 
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which the kidneys were removed but the adrenals left intact. The pro- 
tective actions of cortical hormones against excess water in normal 
animals is therefore presumably due to stimulation of diuresis, 
whereas in adrenalectomized animals extra-renal factors are also in- 
volved. 

In adrenalectomized-nephrectomized animals, forced into water 
intoxication, treatment with DCA had the following effects: a, the 
expected rise in hematocrit and hemoglobin was prevented; b, there 
was a reduction of questionable significance in plasma protein; c, 
intestinal absorption of water was facilitated slightly; and d, no 
change in the plasma chloride was seen. 
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NOTES AND COMMENTS 


ASCORBIC ACID CONCENTRATION AND CHOLESTEROL 
STORAGE IN THE CORPUS LUTEUM OF THE 
PREGNANT RAT UNDER EXPERIMENTAL 
CONDITIONS! 


ConsIDERABLE interest has lately been attached to the interrelationships 
between cholesterol metabolism and ascorbic acid in the adrenal cortex. In 
that organ a sharp fall in ascorbic acid concentration occurs within an hour 
after injection of adrenocorticotrophin, followed later by marked depression 
of cholesterol content (Sayers et al., 1946). A recent report from this labo- 
ratory (Everett, 1947) presents evidence which indicates that in the corpus 
luteum of the pregnant rat cholesterol is mobilized in similar fashion by 
action of the lactogenic hormone (luteotrophin). Although the normal rat 
corpus luteum of pregnancy contains little cholesterol which can be detected 
in frozen sections by the Schultz histochemical test, rich intracellular depos- 
its are found 18 hours after injection of an ovulating dose of sheep LH. An 
excess of lactogen (luteotrophin) however, prevents accumulation of sterol 
if injected at the same time as LH. 

In view of the apparent correlation in the adrenal cortex between ascorbic 
acid and cholesterol shifts, it appears important to determine whether a 
similar correlation exists in the corpus luteum. Other investigators (Biskind 
and Glick, 1936; Pincus and Berkman, 1937) have previously sought a re- 
lationship between corpus luteum secretory activity and ascorbic acid, but 
only by means of assays made at various stages of the estrus cycle and preg- 
nancy. In the rat, for example, Laqueur and Koets (1945) reported that in 
late pregnancy the total cholesterol content rises while ascorbic acid is con- 
siderably diminished. 

Our method affords a more direct approach to the question since at a 
given stage of pregnancy (6 days in our standard procedure) corpus luteum 
cholesterol content can be modified at will. The specific problems which we 
explored are as follows: (a) development of a suitable ascorbic acid technique 
for this particular tissue; (b) determination of ascorbic acid concentration 
in the normal corpora lutea on the 6th day of pregnancy; (c) ascorbic acid 
concentration in corpora lutea of similar animals 12 and 18 hours after in- 
jection of LH, i.e. shortly before cholesterol storage begins and when the 
process has reached completion; and (d) the luteal ascorbic acid concentra- 
tion in animals treated with LH 18 hours previously and injected with an 
excess of lactogen 1 hour before autopsy. 


MATERIALS AND METHODS 


Sexually mature albino rats of the Vanderbilt (Osborne-Mendel) strain 
were used. Pregnancies were accurately timed by controlled mating. Each 


Received for publication March 22, 1948. 
1 Supported in part by a grant from the Research Council of Duke University. 
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animal was killed by a blow on the head. Immediately thereafter the corpora 
lutea of pregnancy were dissected out and trimmed free of interstitial tissue 
in saline under a dissecting microscope. One was preserved in 10% formalin 
for the histochemical Schultz cholesterol test. The rest were blotted free of 
excess liquid with filter paper and weighed as a group within about one 
minute. They were then ground in (and extracted with) 3% metaphosphoric 
acid buffered at pH 3.6, and stored at 5°C. for periods of from 15 minutes to 
5 hours. No appreciable change in ascorbic acid concentration was noted 
within these time limits. The extract was then centrifuged and titrated 
against 2,6-dichlorophenol-indophenol (Bessey, 1938). 

Since this reaction depends upon the reduction of the indophenol dye by 
ascorbic acid, and since there are known to be other substances in tissue ex- 
tracts which will also reduce the dye, it was of importance to obtain a blank 
value which represented these reducing agents (reductones, glutathione, 
cysteine) minus the ascorbic acid itself. While such agents are relatively in- 
significant in adrenal cortex because of the very high content of ascorbic 
acid, in the corpus luteum their evaluation is most essential. In luteal tissue, 
in our experience, they may account for more than half of the total reduction 
of dye, beyond that caused by the metaphosphoric acid itself. Mapson’s 
(1943) modification of Lugg’s formaldehyde method (1942) was found to be 
the most satisfactory procedure. It consists in adding formaldehyde to a 
portion of the extract to a final concentration of 8% and adding HCl to 
bring the pH to 2.0. Under these conditions ascorbic acid condenses with 
formaldehyde (Snow and Zilva, 1943) in 20-30 minutes, while the other re- 
ducing agents are inactivated only slightly. While it cannot be claimed that 
with this process one can analytically discriminate between ascorbic acid 
and the “reductones,” the method is believed to be far superior to that 
employing a simple metaphosphoric acid blank. 

In the experiments with LH alone, the experimental plan was precisely 
that outlined by Everett (1947, fig. 2, A). The LH preparation employed was 
the identical material? used in that study. Our standard dose was 3.3 mg., 
administered as a single subcutaneous injection in 0.33 ml. of physiological 
saline on the fifth day of pregnancy. In the LH-lactogen experiments the 
LH was administered in this same manner. Seventeen hours later (on day 6, 
one hour before autopsy) these animals each received an excess (100 I.U.) 
of purified lactogen (sample 48 hy ex 4)* subcutaneously in 1 ml. of distilled 
water. 

RESULTS 


From table 1 it may be seen that the ascorbic acid concentration of the 
corpora lutea of the untreated rats was some 5 times smaller than values 
which have been reported for the adrenal cortex (cf. Sayers, et al., 1946). 
No considerable change was found 12 hours after injection of LH, but a highly 
significant mean elevation was observed at 18 hours (for the difference be- 
tween this group and the controls, P< 0.01). Although our supply of lactogen 
did not permit full exploration of the effects of excessive luteotrophic stimu- 
lation, the results in the 6 cases in that series suggest that the elevated as- 

2 We are greatly indebted to Dr. R. K. Meyer, Department of Zoology, University 
of Wisconsin, for this sample of sheep hypophyseal LH. 


3 This material was most generously supplied by Dr. Erwin Schwenk of the Schering 
Corporation, Bloomfield, N. J. 
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TABLE 1. ASCORBIC ACID CONTENT OF CORPORA LUTEA WITH 
RESPECT TO CHOLESTEROL STORAGE 


: No. Ascorbic acid Cholesterol 
ieee tal of mg./100 gm. storage 
group rats of tissue (Schultz Test) 
mean +S.E. 
Controls 16 66+3.3 0 
LH 12 hr. 9 67 +7.1 0 
LH 15 hr. 2 + 
LH 18 hr. 15 92+7.8 ++ (+ to +++) 
LH 18 hr. 
1 hr. 6 65 +8.3 444) 


corbic acid concentration resulting from LH treatment is rapidly lowered ~ 
within one hour after administration of an excess of lactogen. 

Schultz cholesterol tests of frozen sections of sample corpora lutea were 
uniformly negative in the controls and in the 9 cases autopsied 12 hours after 
LH treatment. In all other experimental groups they were positive, ranging 
from + to +++. No evident correlation could be found between the varia- 
tions within this range and the variations in ascorbic acid assays. No deple- 
tion of cholesterol content was yet detectable in 4 cases examined 3 hours 
after lactogen treatment and the number of hours required for such depletion 
to occur remains to be determined. We can state with certainty, however, that 
it is less than 24 hours. 

SUMMARY 


These preliminary studies have shown that ascorbic acid concentration 
in the corpus luteum increases markedly as cholesterol is stored under the 
action of LH. Less conclusive evidence suggests that an excessive amount of 
lactogen produces a significant depression of vitamin C within one hour after 
injection. 

D. C. J. W. EVERETT 
From The Department of Anatomy 
Duke University School of Medicine 
Durham, North Carolina 
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TexTBooK oF EnpocrinoLtocy. By Hans Selye xxxii+914 pp. Acta 
Endocrinologica Université de Montreal, Montreal, Canada, 1947. 
Fifty-nine years ago the venerable Charles Edouard Brown-Sequard 

arose before the Societé de Biologie and told a preposterous story to a spell- 
bound audience. Aqueous extracts of testicles, self-administered, he said, had 
restored the spring to his step and the gleam to his eye. When he had fin- 
ished, a new science had been born. True, the new field had been heralded by 
the less spectacular (and better founded) observations of Hunter, Berthold, 
Bernard, Addison and Gull, but the dramatic account of his subjective ex- 
periences captured the imagination of his hearers and made Brown-Sequard 
the father of endocrinology. Small wonder that endocrinology. so begun, has 
remained a field of fact and fancy, of lurid claims and sober investigation, 
and a battleground for the opposing philosophies underlying clinical service 
and scientific investigation. 

For, make no mistake, a deep chasm separates medical science from 
medical practice. Illogical as it is, this separation has been evident at every 
stage of medicine’s development. Percussion was fought even by the students 
of Augenbrugger and Corvisart. Laennec’s stethoscope was maintained to be 
a contrivance of no value in practice. The same outcry greeted the clinical 
thermometer, anesthesia, the blood-pressure cuff and radium. Nor is the 
misapprehension confined to the introduction of new methods. It goes much 
deeper into the fabric of medical thought and fundamentally condemns 
science itself as being in conflict with the humanity which should charac- 
terize the physician in the presence of suffering (Flexner, 1925). 

Now, such thinking is sophistry. Its inherent fallacy has always been 
known to the philosophers of medicine. Beginning with Hippocrates, clinical 
medicine has striven to recognize the symptoms which occur in regular com- 
binations and sequences and to abstract these combinations from individual 
patients into units of classification which are diseases. Such abstraction 
brought order into the chaos of symptoms and made possible clinical science, 
since classification is the basis of science. Claude Bernard (1865) recognized 
clearly that the fundamental reasoning of investigators and practicing 
physicians is—or should be—exactly the same. Both should attempt to 
expel superstition and empiricism by critical observation, reflection, verifica- 
tion and generalization. Neither the practitioner nor the investigator should 
be blinded by prejudice or jump to conclusions. Both in the clinic and in the 
laboratory the severest effort possible should be made in the direction of 
purifying, organizing and extending knowledge (Flexner, 1925). 

These principles seem clear if not self-evident. Once enunciated, they are 
applicable from time to time in different areas of medicine. Yet, it would 
seem they must be reasserted for every developing specialty. Dr. Selye’s 
textbook, intended to “ . . . comprise all those facts which lend themselves 
particularly well for conjoint study by the same individual’ and “ . . . to act 
as a standard textbook of endocrinology,” is far from achieving a balance 
reconciling the twin obligations of medicine to treat the sick and to advance 
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knowledge. It appears, rather, that he regards these two eimai as 
incompatible, for, on page 38, he states: 

“T believe that experimental medicine is not an abstract, but an applied science. 
Admittedly, in the early stages, it is often difficult to foretell whether a problem will 
have important applications to practical medicine, but at least we should select our 
problems keeping in mind that practical applicability is their most noble goal. Medical 
research undertaken merely as a sophisticated type of mental gymnastics—a view- 
point often defended by the slogan ‘science for science’s own sake’—appears unworthy 


of the traditions of the medical profession, whose primary aim has always been, and 
should remain, to help the sick.” 


This quotation heads up the shortcomings of Dr. Selye’s textbook. Al- 
though experimental findings are presented, they are arranged and classified 
according to their utility in recognizing or treating endocrine diseases rather 
than according to the logical exposition of physiological processes. This or- 
ganization leads to strange contrasts. For example, the section on the ovary 
is presented in 147 pages and includes a lengthy classification of ovarian 
diseases, whereas the sexual cycle, pregnancy and lactation are relegated to 
subsections in a scrap-basket chapter called Correlations, and altogether 
comprise only 30 pages. Hepatic hormones are dignified by a headline in the 
Table of Contents, through which one searches in vain for a reference to the 
placenta. Thus, everywhere the book over-emphasizes the subjective utility 
of knowledge and fails to consider that there is an objective endocrinology 
which exists quite regardless of what the writer may or may not think about 
it. Annoyed by a similar insistence on practicality, Mall, the anatomist, 
once wrote to a friend: 

“Tt is time to call a halt on the utility of science. As though it were of no importance 
to us to understand or to think, unless some old financial tyrant could rob Mother 
Earth and his fellowman a little more. Or ridding the earth of superstitions, like witch- 


craft and maternal impressions, were not of far greater value to us than to cure some 
more sick.”’ (Sabin, 1934) 


All this is not to decry the practical usefulness of science. It is merely to 
emphasize that without objectivity, medicine becomes empirical and is 
guided only by what is practical. But what works today may not do so 
tomorrow, and without the utmost effort to construct standards on rational 
principles, fads will develop and hold sway by the force and authority with 
which they are advanced. 

Once the most rigorous objectivity has been abjured, a specious atmos- 
phere of authority is created and the author is beguiled into ever more dog- 
matic opinions. To cite a single example, in a section devoid of references, 
Dr. Seyle writes: ‘‘The therapy of choice, in all serious types of hyperthy- 
roidism is the subtotal removal of the thyroid gland.’”’ Much has been written 
pro and con the medical treatment of hyperthyroidism with anti-thyroid 
drugs. In view of the prevailing controversy, one is at least entitled to ask for 
evidence, personal or documentary, supporting such an unqualified state- 
ment. 

It has been emphasized above that investigators and practitioners alike 
should observe, reflect, verify and generalize. The great textbooks of the 
past have been based upon one or more of these activities. Osler’s textbook 
of Medicine broke from the traditional and scholastic descriptions of disease 
and substituted for them the first-hand impressions of a phenomenally acute 
observer, together with his reflections upon the natural history of disease 
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and treatment of the patient. This, the present textbook ‘of endocrinology 
does not do. It is, rather, a hasty and frivolous compilation of unrelated 
fact or observation passing for fact, written in an authoritative manner with 
infrequent citations of the sources. Claude Bernard (1865) and William Bay- 
liss (1914) write accounts which are milestones in physiology. Their books 
represent penetrating searches for the fundamental generalizations of the 
subject. The discussion above indicates that this was not the aim of the 
present volume. 

There is no question of the desirability of a standard textbook of endo- 
crinology. The literature is enormous, the facts are legion and the methods 
are specialized. Already, subspecialization is occurring—for example, there is 
little contact between those who work with the chemistry of steroids and the 
experimental morphologists. A book in which the basic generalizations were 
formulated would draw endocrinology together into a coherent whole. Dr. 
Selye’s previous work indicates clearly that he has the qualities of mind 
required for such a task. His investigations on the adaptation reaction, on 
the pharmacological classification of steroid hormones and on the method- 
ology of endocrine research exemplify high abstractions in endocrinological 
thinking. They indicate that he could write a definitive textbook of endocri- 
nology, and it is to be regretted that this is not it. 

Epwarp W. Dempsry 
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